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Page  133.  Tliaclier  on  Bridge  Trusses. — Table  No.  1,  left-hand  half; 
for  spans  from  10  to  65  feet.  The  headings  of  the  columns  are  mis- 
placed, and  should  be  as  follows  : 
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Page  299.  Francis  on  Humphrey  Turbine  Water  Wheel.— During 
the  printing  of  this  page  the  exponent  of  the  formula  near  the  middle  of 
the  page  has  dropped  out,  so  that  in  some  copies  it  reads 

instead  of  reading 

(9  =  3.33  Zi^'^ 
The  latter  is  correct. 

Page  345.  McMath  on  Levee  Theory. — The  last  two  paragraphs  of 
the  text,  from  the  words  "Diagrams  3  and  4,"  to  "means  of  improve- 
ment," should  be  taken  from  the  text  and  put  at  the  end  of  the  footnote 
on  the  same  page. 

Page  347.  For  statement  of  exhibit  of  the  effects  of  cutting  out  at 
BuUerton  Bar,  substitute  as  follows  : 

The  following  is  an  exhibit  of  the  effects  of  cutting  out  at  Bullerton 
Bar  between  dates  : 

1875,  Oct.  6,  depth  6'. 5,  reference  of  crest  to  low  water,  1879,  4-3'.5 
"     Nov.  6,      "       6' .5,  "  "  ''  '*         -2'.1 

Cutting  down  of  bar  in  thirty-one  days 5'. 6 

1876,  Aug.  18,  depth  7'.0,  reference  ot  crest  to  low  water,  1879,  -|-4'.6 
**     Oct.  27,       "       7'.0,  "  "  "  "        — 0'.8 

Cutting  down  of  bar  in  seventy  days 5'. 4 

1877,  Aug.  24,  depth  6'.0,  reference  of  crest  to  low  water,  1879,  +0'.5 
♦'  Sept.  7,  "  6'.5,  "  "  *'  "  — I'.O 
"  "  26,  "  5'.5,  "  "  "  "  — O'.d 
"     Oct.  10,       "       7'.0,           "  "                  "               "  — 4'.3 

Cutting  down  of  bar  in  forty -seven  days 4'. 8 

1879,  Sept.  21,  depth  6'.5,  reference  of  crest  to  low  water,  1879,     — 1'.4 

"     Oct.  20,      "      6'. 5,  "  "  "  "        — 4'.9 

Cutting  down  of  bar  in  twenty -nine  days 3'.  5 
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INTEODUCTION. 


Before  entering  upon  the  real  matter  of  my  paper,  I  would  like 
briefly  to  tell  my  fellow-members  how  my  attention  was  drawn  to  this 
subject  of  accurate  measurements. 

We  were  directed  to  make  a  standard  steel  bullet  for  a  certain  pur- 
pose. The  order  was  executed  with  due  care  and  diligence,  the  bullet 
issued  to  the  parties  desiring  to  use  it,  and  returned  by  them,  with  the 
information  that  it  was  **out  of  true" — so  little,  however,  that  they 
could  not  measure  the  error. 

This  is  the  bullet  made,  shown  in  full  size  in  Plate  I,  Figure  1; 
enlarged  five  times,  to  show  its  geometrical  construction  and  dimensions, 
in  Figure  2. 
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It  was  claimed  that  the  axes  of  the  conoidal  and  cylindrical  portions 
were  not  coincident. 

Investigation  showed  that  this  was  true,  and  that  the  error  was,  in 
the  main,  due  to  hardening. 

A  soft  steel  substitute  was  furnished,  which  proved  satisfactory. 

Under  the  order  of  Colonel  Lyford,  commanding  officer  of  Frank- 
ford  Arsenal,  I  undertook  to  determine  the  error  of  the  original  bullet, 
and  for  this  purpose  used  our  experimental  measuring  machine,  shown 
in  Plate  II,  Figure  3.  This  instrument  is  fully  described  in  the  report 
of  the  Chief  of  Ordnance  for  1881. 

It  is  the  usual  screw  apparatus,  operated  by  a  wheel  with  graduated 
periphery,  to  which  our  Master  Armorer,  Mr.  J.  H.  Gill,  applied  the 
Whitworth  gravity  contact  method  by  means  of  the  counterpoise  beam, 
shown  in  Plate  II,  Figure  4,  and  in  Plate  III,  Figures  6  and  7. 

For  use  with  the  machine,  we  have  certified  coast  survey  standards 
of  convenient  lengths,  and  the  results  are  in  reality  differences  from 
these  standards. 

The  bullet  was  firmly  seated  in  a  carriage,  Plate  III,  Figure  5,  which 
admitted  of  a  controllable  movement  perpendicular  to  the  measuring 
points  of  the  machine. 

A  series  of  contacts  were  then  made,  which,  of  course,  determined 
one  cross-section  contour;  this,  fifty  times  enlarged,  was  laid  off  as  shown 
in  Plate  I,  Figure  2. 

To  determine  the  diameters  at  these  same  points,  the  counterpoise 
beam  was  used  on  both  sides  of  the  bullet;  on  one  side  to  fix  it  in  posi- 
tion, with  reference  to  the  permanent  measuring  point  of  the  machine, 
and  on  the  other  to  determine  that  position,  as  shown  in  Figures  6  and 
7,  Plate  III. 

Afterwards  the  half-inch  coast  survey  standard,  Plate  III,  Figures  8  , 
and  9,  was  substituted  for  the  bullet,  and  the  differences  between  the 
number  representing  its  fixed  position  and  those  already  determined 
were  the  diameters  sought. 

These,  laid  off  from  the  corresponding  points  already  determined, 
gave  the  cross-section  contour  line,  Plate  I,  Figure  2 . 

It  will  be  noticed  that  in  making  these  measurements  very  nearly  the 
same  portion  of  the  screw  was  used  throughout. 

Upon  this  cross-section  contour  was  placed  the  theoretical  bullet, 
and  it  was  found  that  the  axes  of  the  two  conoidal  parts  made  an  angle 
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of  18  minutes  with  each  other;  therefore,  at  a  distance  of  about  17  feet 
they  will  be  1  inch  apart. 

It  is  readily  seen  that  by  revolving  the  bullet  in  its  seat  other  cross- 
section  contours  might  be  obtained,  and  that  thus  the  whole  solid  could 
be  accurately  determined.     One  contour  was  deemed  suflScient  for  our 

purpose. 

The  Modified  Spherometek,  oe  Tkipod- Caliper. 

This  work  proved  to  me  the  unsatisfactory  nature  of  the  gravity 
touch.  I  became  convinced  that  it  was  not  a  trustworthy  method,  and 
while  I  was  seeking  a  more  reliable  means  of  determining  contact  my 
friend,  Professor  Langley,  incidentally  mentioned  to  me  the  fact  that 
some  measurements  had  been  made  for  him  by  Professor  Pood,  of 
Columbia  College,  with  the  spherometer,  and,  as  I  had  never  heard  of 
the  apparatus,  he  briefly  explained  its  principle — the  determination  of 
contact  of  an  equilateral  tripod  with  a  glass  plate,  produced  by  the  lift- 
ing of  a  central  leg,  and  the  subsequent  determination  of  the  same  con- 
tact, the  substance  to  be  measured  being  interposed  between  the  central 
leg  and  the  glass  plate. 

Upon  these  data,  with  the  aid  of  Mr.  Henry  Wernle,  the  Frankford 
Arsenal  instrument  maker,  one  of  the  very  best  mechanicians  in  the 
country,  I  constructed  the  apparatus  now  before  you,  as  shown  in  Plate 
IV,  Figures  10  and  11. 

After  obtaining  some  very  successful  results  with  it,  I  took  it  to  Pro- 
fessor Rood,  who  showed  me  the  spherometer  he  used. 

I  found  the  two  instruments  so  very  different  in  construction  that  I 
feel  justified  in  calling  my  apparatus  the  tripod- caliper. 

Its  details  are  simple,  requiring  but  little  explanation. 

The  central  leg  is  threaded,  100  per  inch.  The  peripheral  wheel  is 
divided  into  100  parts,  and  driven  by  an  endless  screw. 

In  this  manner  the  millionth  of  an  inch  can  be  read. 

It  is  used  upon  a  fairly  accurate  plane  glass,  and  its  sensitiveness  is 
really  wonderful,  the  '*  chatter  "  on  the  glass  being  perceptible  to  the 
ear  within  ttj  Viro  of  ^^  inch,  and  the  tendency  to  revolve  about  the  cen- 
tral leg,  rather  than  slide  upon  the  three  other  legs,  can  be  made  evi- 
dent to  both  sight  and  touch  within  the  siro^iroTr  of  an  inch. 

I  give  herewith  the  first  consecutive  fifty  contacts;  the  probable  error 
of  any  one  observation  is  1  ^q  millionths  of  an  inch,  and  the  probable 
error  of  the  mean  is  less  than  i\  of  a  millionth  of  an  inch. 
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This  includes  the  error  of  the  scale,  the  slight  and  necessary  move- 
ment on  the  glass,  and  my  own  personal  equation. 

The  second  consecutive  fifty  readings  of  contact  were  taken  after  I 
had  had  some  little  practice,  and  the  results  are  appended. 

The  probable  error  here  is  /oV  of  a  millionth,  and  the  probable  error 
of  the  mean  ^  of  a  millionth  of  an  inch. 

I  have  taken  ten  consecutive  measurements  of  some  platinum  foil, 
rolled  by  Tiffany  for  Professor  Langley's  bolometer,  with  the  following 
res  alts: 


0"  000  109 
109 
109 
110 
112 
112 
110 
112 
110 
110 


The  same  metal,  measured  at  Columbia  College  with 
the  spherometer,  gave  the  following  mean  results: 
With  sharp  point  =  .000  093. 

"     blunt      •♦ 


Thickness  by  weight,  area 
and  specific  gravity 


.000100. 
.000  096. 


I  have  no  difficulty  in  measuring  other  thin  foils,  the  collodion  film 
on  a  negative,  a  cobweb,  even  the  interposition  of  moisture  between  the 
point  and  glass. 

The  possibilities  of  the  instrument  have  by  no  means  been  ex- 
hausted. In  the  near  future  I  propose  to  make  one  with  stationary  stem 
and  movable  nut,  and  shall  endeavor  to  apply  the  audiphone  to  make  it 
more  sensitive  acoustically. 

It  seems  to  afford  a  means  of  measuring  accurately  within  half  a 
millionth  of  an  inch,  and  holds  out  hope  of  determining  a  standard 
recoverable  unit. 

I  expect  to  be  able  to  sensitize  the  moment  of  contact  to  a  still 
greater  degree  by  the  use  of  carbon  points  in  connection  with  a  delicate 
galvonometer  and  rheostat,  a  principle  applicable  to  all  measuring 
machines. 

Our  observations  may  eliminate  all  accidental  errors;  the  instrumental 
or  screw  error  remains,  and  requires  an  independent  method  of  investi- 
gation for  its  determination. 

This  brings  me  to  the  second  part  of  my  subject. 
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The  Helical  Error  of  Screws. 

The  tripod-caliper  readily  and  accurately  measures  the  thousandth 
part  of  one  turn  of  the  measuring  screw. 

This  screw  is  carefully  cut,  100  per  inch,  and  hence  we  assume  that 
we  obtain  the  nro'llou  P^i^^  o^  ^in  inch. 

This  presupposes  a  regular,  uniform  pitch  for  at  least  one  turn. 
Does  this  exist  ?  It  is  well  known  that  no  screw  can  be  made  with  per- 
fectly uniform  pitch  throughout. 

Various  devices  have  been  applied  for  the  correction  of  this  error. 

Plate  V,  Figures  12  and  13,  show  the  use  of  the  inclined  plane  for 
this  purpose,  applied  by  Mr.  Wernle  to  the  Frankford  Arsenal  dividing 
engine,  by  means  of  which  the  motion  of  the  nut  may  be  accelerated  or 
retarded,  according  as  the  error  is  plus  or  minus,  dependent  upon  the 
scale  used. 

I  have  never  heard  of  an  attempt  to  determine  the  error  of  a  single 
turn  or  fraction  thereof. 

Plate  II,  Figure  14,  shows  the  method  by  which  I  have  endeavored 
to  do  this.  It  is  virtually  a  steel  cylinder,  in  which  works  an  accurately- 
ground  piston.  A  glass  tube  is  inserted  in  the  cylinder,  containing  re- 
fined mercury. 

As  is  evident,  a  very  minute  movement  of  the  piston  produces  a  com- 
paratively enormous  change  of  level  in  the  tube.  This  apparatus  was 
devised  by  Mr.  Gill,  with  the  hope  of  successfully  substituting  it  in  our 
measuring  machine  for  the  gravity  contact. 

It  struck  me  that  this  arrangement  afforded  a  means  of  ascertaining 
the  error  I  was  investigating. 

A  very  fine  thermometer  tube  was  inserted,  and,  after  considerable 
practice  and  drill,  the  readings  for  each  of  eight  consecutive  roif  oir¥  of 
an  inch,  herewith  given,  were  obtained,  and  plotted  as  shown  on  Plate 
VI,  Figure  15,  making  evident  the  deviation  of  the  real  from  the  theo- 
retical pitch . 

I  subsequently  obtained  ten  readings  for  each  of  the  five  nn7  oinr  oi 
an  inch  comprised  in  the  portion  a  b,  Plate  VI,  Figure  15,  which  are 
plotted  in  Plate  VI,  Figure  16. 

Of  course,  the  areas  comprised  between  the  thread  and  the  positive 
and  negative  deviations  should  be  equal .  Figure  15  shows  that  they  are 
not,  but  it  must  be  remembered  that  the  curves  are  assumed  between  the 
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determined  points,  and  Figure  16,  an  analysis  of  one  section,  shows  how 
further  experiment  would  probably  rectify  this  apparent  anomaly. 

The  apparatus  is  exceedingly  delicate;  the  movement  of  the  foot,  a 
touch  upon  the  graduated  scale,  changes  the  level  of  the  fluid;  hence  the 
greatest  care  was  required  to  arrive  at  any  reliable  results. 

In  all  the  readings  the  same  amount  of  mercury  was  used,  and  the 
zero  was  made  the  same  in  all. 

Of  course,  slight  variations  will  occur,  due  to  want  of  delicacy  on  the 
part  of  the  observer,  to  the  difficulty  in  always  bringing  the  screw  back 
to  exactly  the  same  point,  to  changes  of  temperature  during  the  ob- 
servation; possibly  to  other  causes  still. 

I  have  presented  these  results  merely  to  show  the  nature  of  the  in- 
vestigations which  I  have  but  begun,  and  in  the  hope  that  others  inter- 
ested in  the  subject  may  be  induced  to  work  in  the  same  direction. 

It  matters  little  at  which  end  6i  the  unit  we  work.  Uniform  scales 
are  absolutely  essential,  and  they  may  be  brought  about  practically  just 
as  well  by  the  accurate  determination  of  the  nro^iru  of  an  inch,  as  by 
the  whole  inch. 
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Detekmtnation   of   Contact    Ekror   of    Tripod-caliper   with    Glass 

Plate. 

First   Fifty   Consecutive    Contacts.         Second    Fifty    Consecutive    Contacts. 
Millionths  of  an  Inch.  Millionths  of  an  Inch. 


102 

97 

13 

12 

100 

93 

12 

14 

100 

98 

13 

14 

100 

97 

12 

13 

101 

97 

11 

12 

99 

103 

11 

12 

99 

101 

10 

14 

95 

99 

13 

14 

98 

95 

10 

15 

98 

94 

13 

14 

100 

97 

13 

15 

98 

98 

14 

13 

96 

96 

12 

12 

96 

98 

14 

10 

94 

94 

14 

12 

95 

94 

14 

14 

97 

94 

14 

13 

99 

98 

14 

14 

100 

97 

12 

13 

100 

96 

13 

15 

102 

97 

14 

13 

101 

97 

14 

14 

102 

95 

14 

13 

103 

96 

13 

15 

101 

94 

13 

14 

2  476  2  415  320  334 

Mean  =  98 .  Mean  =  13. 

1.8   =  Probable  error  of  single  observation  =       .85 
.25=       Probable  error  of  mean  =       .12 
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EECENT   DREDGING   OPERATIONS  AT   OAKLAND 
HARBOR,  CALIFORNIA. 


By  L.  J.  Le  Conte,  M.  Am.  Soc.  C.  E. 
Read  December  5th,  1883. 


The  following  is  a  synopsis  of  a  report  on  Recent  Dredging  Opera- 
tions at  Oakland  Harbor  Works,  California,  during  1883,  made  under 
the  direction  of  Col.  G.  H.  Mendell,  Corps  of  Engineers  U.  S.  A., 
M.  Am.  Soc.  C.  E.,  by  the  writer,  who  was  in  immediate  charge. 

The  trial  of  a  new  variety  of  pump  dredger,  as  applied  to  excavating, 
transporting  and  depositing  material  on  shore,  has  'been  progressing 
successfully  for  eight  months. 


10  LE  CONTE    OK    DREDGING. 

This  work  consists  in  excavating  a  tidal-basin  with  the  view  of 
increasing  the  tidal  scour  at  and  near  the  entrance  to  the  harbor . 

The  contract  requirements  are  such  that  the  material  excavated  must 
be  deposited  on  the  adjoining  salt  marshes,  and  is  there  retained  in 
place  bj  means  of  suitable  levees  or  embankments  that  are  constructed 
along  the  margin  or  shore  line . 

The  total  quantity  put  ashore  by  one  dredge  in  8  months  was  250  000 
cubic  yards,  or  an  average  of  30  000  cubic  yards  per  month . 

The  best  monthly  work  during  that  time  was  something  over  60  000 
cubic  yards  in  230  engine  hours,  the  average  distance  of  transportation 
being  1  100  feet. 

The  greatest  distance  transported  was  during  October,  when  45  000 
cubic  yards  were  delivered  on  shore  in  190  engine  hours,  the  material 
being  forced  through  a  length  of  1  600  to  2  000  feet  of  20-inch 
wrought-iron  pipe.* 

Desceiption  of  Deedges. 

This  machine  is  supposed  to  be  an  improvement  on  the  appliances 
used  at  the  Grand  Canal  Works,  Amsterdam.  In  the  last  mentioned 
works  there  are  two  separate  engines  ;  one  does  the  work  of  excavation, 
and  the  other  takes  the  spoil  and  forces  it  through  a  line  of  pipe  to  its 
proper  destination.  The  material  is  therefore  handled  twice.  The  new 
variety  of  pump  dredge  now  under  trial  may  be  said  to  combine  these 
two  operations  in  one  machine.  The  cutting  apparatus  of  this  dredge  is 
a  horizontal  wheel,  with  ordinary  plows  rigged  on  the  lower  face. 

The  rotation  of  this  wheel  does  the  excavation  required.  In  some 
soft  material  it  is  unnecessary . 

Over  this  *'  cutter,"  and  partly  surrounding  it,  is  a  hood  or  inverted 
basin  that  only  allows  water  to  enter  from  beneath.  Into  the  top 
of  this  basin  or  hood,  and  somewhat  to  one  side  of  its  geometrical 
centre,  is  placed  the  lower  end  of  a  20-inch  suction  pipe  which  leads  up 
vertically  to  a  large  centrifugal  pump,  runner  6  feet  diameter. 

From  this  pump  there  extends  a  line  of  wrought-iron  pipe,  sup- 
ported partly  on  pontoons  and  partly  on  the  marsh,  to,  and  several  hun- 
dred feet  within  the  enclosed  tract  that  is  to  be  reclaimed. 

*  Since  writing  the  above  the  work  of  the  month  of  November  has  been  com- 
pleted. During  that  month  there  were  excava'ted  and  put  ashore  41  000  cubic  yards  in  190 
engine  hours,  and  this  amount  of  material  was  forced  through  2  850  feet  of  20-inch  pipe. 
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It  will  be  seen,  then,  that  the  material,  after  leaving  the  *' cutter,"  is 
taken  up  by  the  water  entering  the  suction  pipe  leading  to  the  pump — 
passes  directly  through  the  same,  and  thence  continues  through  a  line  of 
pipe  to  its  destination  on  shore.  At  no  time  during  transportation  does 
the  material  come  to  a  state  of  rest . 

The  percentage  of  material  transported  by  the  column  of  water  has 
been  subject  to  great  variation,  namely,  from  nothing,  or  clean  water,  to 
as  high  as  40  per  cent,  by  volume.  Experience  has  shown,  however, 
that,  in  this  particular  class  of  material,  it  is  not  advisable  to  carry  more 
than  15  per  cent.  The  reason  is  plain  and  practical.  When  the  muddy 
water  escapes  from  the  outlet  or  discharge-pipe,  it  is  found  highly  im- 
portant that  the  percentage  of  water  should  be  sufficiently  great  to  ensure 
a  widespread  and  uniform  distribution  of  the  material . 

The  character  of  the  material  excavated  is  quite  uniform,  and  may  be 
described  as  being  a  sticky,  blue  clayey  mud.  A.  man  weighing  150  pounds 
can  wade  all  over  these  mud  fiats  without  sinking  into  the  material 
deeper  than  his  knees.  Occasionally  the  dredge  will  cut  into  lenticular 
masses  of  blue  clay  of  remarkable  purity,  and  as  a  result  the  discharge- 
pipe  belches  forth  quite  a  large  percentage  of  clay  balls,  in  all  sizes,  from 
mere  pellets  to  some  as  large  as  a  man's  head.         *        *        *        * 

As  to  the  power  required  : 

The  engines  in  use  comprise  two  IG-inch  x  20-inch  engines,  used  ex- 
clusively for  driving  the  centrifugal  pump;  two  12-inch  x  12-inch  engines 
for  driving  the  cutting  apparatus,  swinging  gear,  winches,  speed  hoists, 
etc. 

Two  100  horse-power  boilers,  generally  carrying  90  to  95  pounds  of 
steam  ;  these  boilers  furnish  steam  to  the  above  engines  and  bilge  pump 
or  primer. 

Remark.  — I  would  here  state  that  the  mounting  and  general  setting 
up  of  the  pump  engines  was  very  poor  and  unstable,  so  much  so  that  it 
was  found  unsafe  to  run  at  a  greater  speed  than  130  revolutions  per 
minute .  The  engines  are  rigged  directly  on  to  the  pump  shaft.  The 
existing  dredge  is  susceptible  of  many  improvements  and  greater  general 
efficiency . 

The  daily  regular  expenses  incurred  during  the  general  manipulation 
of  the  plant  is  naturally  the  next  question  to  be  taken  up.  Operations 
have  been  going  on  for  too  short  a  space  of  time  to  develop  reliable 
data. 
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Long  experience  on  this  coast  has  convinced  me  that  these  regular 
expense  estimates  are  invariably  too  low,  and  especially  as  regards  the 
item  for  repairs.  With  these  cautionary  remarks,  I  submit  the  following 
as  being  a  "first  approximation "  to  the  regular  expense  account  : 


Pek  Diem  Expenses — 10  Houes. 

Coal,  4  tons,  @$7 ^28.00 

Oils,  1  gal.,  @  $0.75 75 

Water,  7  000  gals : 7.00 

Attendance  :  1  capt.,  $6  ;  2  engrs.,  $8  ;  2  firemen,  $4  ;  3  deck- 
hands, $6  ;  1  cook,  S2  ;  1  water-tender,  $2 27.00 

Board  :  10  men,  @  m50 5.00 

Interest  on  1st  cost  $50  000 , 10.00 

Depreciation,  2^0 ^-^^ 

Kepairs  on  dredge  and  pipe  line 10.00 

Insurance  on  $25  000  (say)  8  per  cent 5. 55 

Total  daily  expenses $102.30 


Or,  in  round  numbers,  say  $100  per  diem. 

Extra  Expenses. — In  addition  to  the  above  regular  expenses,  there 
are,  of  course,  others  which  are  by  nature  peculiar  to  the  requirements 
of  the  contract  now  in  force.     These  may  be  summarized  as  follows  : 

1st.  The  construction  and  maintenance  of  retaining  levees  or  em- 
bankments for  the  purpose  of  confining  the  freshly  dredged  material. 

2d.  The  permanent  employment  of  a  crew  of  9  to  10  men  on  shore, 
whose  duties  are  to  guide  the  flow  and  general  distribution  of  the  mate- 
rial as  the  filling  progresses  towards  completion. 

These  two  items  have,  collectively,  added  considerably  to  the  general 
expenses,  but  at  the  same  time  should,  in  all  equity,  be  borne  by  the 
landed  proprietors  whose  property  is  being  greatly  improved. 

Up  to  date  these  expenses  have  reached  the  neighborhood  of  $10  000. 
A  detailed  account  of  these  inshore  operations  is  omitted,  since  experi- 
ence as  yet  is  limited,  and  furthermore,  they  will  vary  largely  in  charac- 
ter and  cost  with  every  situation,  depending  chiefly  on  local  topographic 
features,  nature  of  ground,  etc. 
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Character  of  Resultant  Deposit. 

Tract  No.  1  has  now  been  filled  and  allowed  to  rest  for  two  months 
at  least.  The  filling  is  most  satisfactory  in  every  respect.  The  complete 
distribution  of  the  material  is  very  striking  to  the  eye,  and  to  my  mind 
constitutes  the  very  essence  of  success  in  all  dredging  operations  of  this 
character.  The  important  fact  was  developed  that  a  large  percentage  of 
water  mixed  with  the  mud  was  necessary  in  order  to  insure  a  complete 
and  uniform  distribution  of  the  deposited  material.  There  is  no  other 
means  or  power  which  can  do  this  work  of.  distribution  so  thoroughly 
and  so  cheap. 

The  deposit,  taken  as  a  whole,  may  be  described  as  a  cluster  of  cones 
whose  side  slopes  are  very  flat,  not  more  than  1.5  per  cent.,  and  fre- 
quently so  slight  as  to  appear  almost  level.  The  apexes  of  these  cones 
mark  the  successive  positions  of  the  end  of  the  discharge-pipe. 

Final  Remarks. 

Every  harbor  engineer  of  experience  has  been  more  or  less  compelled, 
for  economical  reasons,  to  acknowledge  the  unavoidable  necessity  of 
dumping  dredged  material  into  deep  water  navigable  channels.  This 
reprehensible  practice  has  been  increasing  in  dimensions,  year  by  year, 
until  now  the  hurtful  effects  are  beginning  to  show  themselves.  These 
effects  take  the  form  of,  first,  prodigious  filling  in  of  the  flats  ;  second, 
the  narrowing  of  the  deep  water  or  ship  channels.  The  second  is  a  nat- 
ural sequence  of  the  first,  and  is  brought  about  by  the  serious  diminu- 
tion of  tidal  prism,  which  is  itself  due  to  the  shoaling  or  filling  in  of  the 
flats  ;  they  are  mutually  dependent. 

It  is  with  great  relief,  therefore,  we  are  able  to  report  important  and 
reliable  steps  towards  cheap  dredging  and  cheap  disposal  of  material  to 
a  profit  as  well  as  a  public  benefit. 

Past  experience  on  the  Pacific  coast  has  shown  that  the  cost  of  filling 
in  low  lands  with  dredged  material  has  generally  been  twice  the  cost  of 
ordinary  dredging  with  dump  scows,  &c.  In  other  words,  the  entire 
bulk  of  material  had  to  be  handled  twice.  It  has  never  been  done  with 
success  heretofore  for  less  than  24  cents  per  cubic  yard,  measured  in 
scows. 

With  the  new  pump  dredge,  however,  we  have  an  average  of  30  000 
cubic  yards,  measured  in  the  cut  at  the  close  of  each  month's  work,  at  a 
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maximum  cost  of  ten  cents  per  cubic  yard;  and  in  one  month's  'work  of 
twenty-three  days'  work,  60  000  cubic  yards,  at  a  cost  of  5  cents  per  cubic 
yard,  placed  on  shore,  at  a  distance  of  1  600  to  2  000  feet  from  the  site  of 
the  dredge  while  at  work. 

These  recent  dredging  experiments  put  new  life  into  harbor  and 
river  works,  and  in  many  places  will  unquestionably  be  of  paramount 
importance  both  to  the  engineer  and  owners  of  low  lands. 

Note. — Plate  VII  shows  the  Tidal  Basin  at  Oakland  Harbor,  Califor- 
nia, with  the  location  of  the  dredge  at  work,  and  the  line  of  20-inch 
pipe  to  point  of  deposit. 

Plate  VIII  shows  the  dredge.  This  is  A.  W.  Von  Schmidt's  Im- 
proved Dredging  Machine.  The  length  of  the  boat  is  100  feet,  beam  50 
feet,  depth  of  hold  7  feet.  The  pump  is  a  rotary  centrifugal,  with  a 
runner  6  feet  diameter.  The  engines  to  run  the  pump  are  two,  each 
16-inch  cylinder,  20-inch  stroke,  134  revolutions  per  minute.  The  en- 
gines to  run  the  plow  are  two,  each  12-inch  diameter,  12-inch  stroke,  120 
revolutions  per  minute.  There  are  two  boilers,  each  60  inches  diameter, 
16  feet  long,  66  tubes,  3^^  inches  diameter.     Steam  carried,  85  pounds. 

Plate  IX  shows  the  method  of  supporting  the  discharge  pipe,  20 
inches  diameter,  2  850  feet  long,  on  pontoons.  The  pipes  have  iron  ball 
socket  joints  and  rubber  sleeve  connections. 
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WATER    POWER   WITH   HIGH  PRESSURES    AND 
WROUGHT-IRON  WATER  PIPE. 


By  Hamilton  Smith,  Jr.,  M.  Am.  Soc.  C.  E. 
Eead  Febkuary  6th,  1884. 


WITH    DISCUSSION. 


For  the  purpose  of  supplying  the  placer  mines  in  California  with 
water,  many  ditches  were  built  on  the  western  slope  of  the  Sierra 
Nevada,  taking  their  source  high  up  in  the  mountains,  and  delivering 
the  water  on  the  tops  of  the  foot-hill  ridges,  at  elevations  from  1  000  to 
3  000  feet  above  the  great  valley  of  California,  formed  by  the  Sacra- 
mento and  San  Joaquin  rivers.  In  manj-  cases  the  mines  for  which 
these  aqueducts  were  constructed  have  been  exhausted  or  abandoned, 
and  their  water  is  now  largely  used  for  power  for  quartz  mining  and 
milling,  and  for  other  purposes. 

When  manufacturing  in  California  assumes  large  proportions,  doubt- 
less most  of  the  motive  power  will  be  obtained  from  these  mining 
ditches,  which  in  the  aggregate  will  afford  several  hundred  thousand 
horse  powers. 
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The  problem  presented  has  been  in  general  the  utilization  of  a  small 
quantity  of  water — as  few  of  these  ditches  carry  more  than  70  or  80 
cubic  feet  per  second — with  high  heads,  ranging  from  200  to  600  feet. 

The  Barker  reaction  wheel  (or  mill)  was  first  used  to  a  limited  extent, 
but  was  soon  abandoned,  owing  to  its  uneconomical  use  of  water.  Tur- 
bines were  then  employed,  but  with  unsatisfactory  results,  as  the  great 
speed  of  the  wheel-shafts,  due  to  the  velocity  of  high  heads,  resulted  in 
excessive  wear  and  tear  upon  the  bearings  of  the  wheel-shafts,  and  also 
upon  the  gates  and  guides.  Partial  turbines,  or  tangential  wheels,*  were 
used  with  better  success.  In  some  cases  large  overshot  wheels  were 
built,  one  at  the  Sierra  Buttes  mine  having  a  diameter  of  65  feet. 

A  wheel  of  very  simple  form,  called  the  "hurdy-gurdy,"  was  intro- 
duced some  20  years  or  more  ago,  and  has  almost  entirely  superseded 
other  hydraulic  motors;  it  has  been  improved  from  time  to  time,  until 
the  latest  models  now  give  an  astonishingly  high  percentage  of  useful 
effect. 

The  first  part  of  this  paper  will  be  devoted  to  a  description  of  various 
styles  of  the  hurdy-gurdy  wheel,  and  an  account  of  some  of  the  methods 
by  which  the  water  is  conducted  to  them,  and  the  power  transmitted 
from  them. 

The  Huedy-Gurdy  Wheel. 

The  hurdy-gurdy,  as  first  used,  was  a  narrow  wooden  wheel  or  disc, 
built  upon  a  cast-iron  spider  keyed  upon  the  wheel-shaft,  as  shown  by 
Sketch  1,  Plate  X. 

The  faces  of  wheels  of  considerable  diameter  were  from  4  to  6  inches 
wide;  the  backets  were  square  iron  castings  bolted  to  the  rim,  against 
which  the  water  escaping  under  pressure  from  the  nozzle  impinged. 
Wheels  of  this  sort  were  made  as  large  as  21  feet  in  diameter;  when  of 
this  size  they  were  sometimes  stifi'ened  by  light  iron  tie  rods,  running 
from  the  rim  to  collars  upon  the  shaft.  With  high  heads  the  face  was 
banded  with  wrought-iron,  to  prevent  the  jet  from  splintering  the  wood. 

This  simple  type  possessed  the  following  advantages: 

First. — Small  cost  of  construction. 

Second. — Comparatively  light  foundations  were  required. 


♦These  wheels  are  really  raodifications  of  tbe  hurdy-gurdy;  the  jet  generally  striking  on 
the  inside  of  the  rim,  against  fixed  curved  buckets. 
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Third. — Slow  speed  of  wheel»sliaft  with  high  heads,  which  could  be 
modified  at  will  by  change  of  diameter. 

Fourth. — Horizontal  wheel-shaft,  obviating  the  necessity  of  bevel 
gearing. 

Fifth. — The  weight  of  such  large  wheels,  with  a  high  velocity  at  the 
rim,  was  of  service  in  steadying  motion  of  machinery  driven,  thus 
affording  a  cheap  form  of  fly-wheel. 

Sixth. — Almost  absolute  immunity  from  accidents,  the  wear  and  tear 
being  practically  nil. 

These  advantages  are  common  to  all  the  forms  of  the  hurdy-gurdy 
now  in  use,  with  the  exception  of  that  due  to  the  large  wheel. 

With  this  flat  bucket  the  impact  force  of  the  jet  was  only  in  part 
utilized,  which  in  no  case  could  be  over  50  per  cent,  of  the  theoretical 
power  of  the  water;  in  practice,  an  efficiency  of  not  over  40  per  cent, 
could  be  obtained.  The  most  advantageous  periphery  speed,  measured 
on  the  centre  line  of  the  buckets,  was  about  45  per  cent,  of  the  velocity 
of  the  escaping  jet  due  to  gravity  (.45  [^gh]  ^j- 

Mr.  Koss  E.  Browne,  of  the  University  of  California,  with  such  flat 
buckets,  obtained  40.4  per  cent.^  as  the  maximum  useful  effect  on  the 
wheel-shaft,  with  a  periphery  speed  of  about  one-half  the  velocity  of 
the  escaping  jet  (doubtless  measured  at  smallest  diameter  of  the  nozzle). 
A  f-inch  nozzle  was  used,  with  a  head  of  50.2  feet,  in  this  experiment. 

D'Aubuisson  describes  somewhat  similar  horizontal  wheels  as  being 
frequently  used  in  the  Alps  and  Pyrenees,  the  water  being  led  to  them 
by  steeply  inclined  troughs.  Probably  the  use  of  a  jet,  escaping  under 
high  pressure  from  a  pipe,  is  a  California  invention  or  modification. 

The  first  improvement  upon  this  simple  form  consisted  in  putting 
flanges  on  the  sides  of  the  rim,  with  curved  sheet  iron  buckets  between, 
as  shown  by  Sketch  2,  Plate  X. 

A  number  of  experiments  were  made  by  the  writer  with  a  wheel  of 
this  pattern,  17f  feet  in  diameter;  effective  heads  from  312  to  336  feet; 
with  buckets  4  inches  deep,  4  inches  wide,  set  12  inches  apart.  Nozzles 
of  various  kinds  were  used;  some  with  a  taper,  giving  a  co-efficient  of 
discharge  from  .944  to  about  1.;  and  others  with  square-edged  thin  steel 

♦Bulletin  No.  1,  College  of  Mechanics,  University  of  California.  1883;  by  Prof.  F.  G. 
Hesse  and  Ross  E.  Browne.  To  which  valuable  contribution  on  water  motors,  reference  will 
several  times  be  had  in  this  paper. 
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rings  set  in  the  end  of  the  discharge  pipe,  whose  co-efficients  of  discharge 
ranged  from  .60  to  .64.*  The  jet  through  the  rings  gave  a  somewhat 
better  effect  than  from  the  tapered  nozzles,  although  the  jet  was  slightly 
farther  away  from  the  wheel  with  the  ring  nozzles,  than  it  was  with  the 
tapered  ones 

With  small  nozzles  the  maximum  useful  effect  was  about  35  per  cent., 
with  a  bucket  speed  of  .35  (2  g  h)  ^ ;  with  larger  nozzles  the  maximum 
efficiency  was  about  46  per  cent.,  with  a  bucket  speed  of  .45  [2  g  hy 
The  highest  power  developed  in  these  experiments  was  17  horse  power, 
which,  for  such  a  heavy  wheel  as  that  used,  was  too  little  work  to  show 
the  greatest  efficiency. 

These  tests  proved  that  the  best  bucket  speed  depends  not  upon  the 
velocity  of  the  jet,  measured   at   the  smallest   area  of    the  nozzle,  but 


*  Experiments  showing  Discharge  op  Water  through   various  Circular  Nozzles  and 
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The  nozzles  and  rings  are  shown  by  sketches  on  Plate  XI. 

The  nozzles,  and  discharge  pipe  into  which  they  screwed,  were  of  cast-iron,  first  turned 
and  then  smoothly  polished. 

The  rings  were  of  saw-plate  steel,  with  square  edges;  the  discharge  pipe,  at  the  end  of 
which  the  rings  were  set — Nos.  2  and  4— was  a  smooth  casting. 

The  effective  heads  for  Nos.  1  to  11,  inclusive,  are  given  within  2  feet  of  the  truth.  Q,  for 
Nos.  1  to  11,  was  determined  by  the  flow  over  a  sharp-crested  iron  weir,  .866  feet  long,  by 
formula  of  J.  B.  Francis,  modified;  the  chances  are  that  Q  is  underestimated  2  or  3  per  cent. 

Diameters  were  measured  at  smallest  section  of  nozzles. 

These  experiments  indicate  that  with  great  heads  divergent  mouth-pieces  or  adjutages  have 
but  slight  effect.  No.  5  had  a  divergent  end  of  a  length  1.8  times  diameter,  and  gave  co-ef.  of 
.963;  when  cut  at  smallest  section,  co-ef.  remained  .960  and  .958.  No.  7,  with  divergent  end  of 
a  length  2  4  times  diameter,  had  a  co-ef.  of  .957  and  .959. 

The  annular  square-edged  mouth-pieces  were  narrow,  especially  Nos.  4  and  6,  and  yet  show 
a  nearly  full  contraction  of  the  escaping  jet. 
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practically  upon  the  velocity  due  to  gravity.  The  ratio  of  best  speed  to 
{2  ghy,  for  the  same  amount  of  work  done,  was  about  the  same  with 
the  rings  as  with  the  tapered  nozzles,  although  the  velocity  at  the 
smallest  section  of  the  nozzles  was  one-half  greater  than  through  the 
rings.  * 

A  similar  wheel — diameter  12.58  feet,  total  head  130. 1  feet,  ring  nozzle 
.1823  foot  in  diameter,  driving  a  10-stamp  crushing  mill,  average  weight 
of  stamp  693i  pounds,  average  drop  .768  feet,  number  of  drops  per 
minute  62.2 — developed  10  ff.  P.  of  actual  work,  showing  an  eflSciency 
of  44^  per  cent.  Allowing  for  loss  of  head  in  pipe  and  friction  of 
machinery,  this  would  indicate  a  duty  on  the  wheel-shaft  of  fully  50  per 
cent. 

Fig.  3,  Plate  XII,  shows  the  next  important  improvement,  being  the 
Knight  wheel,  made  of  cast-iron,  with  curved  buckets  set  close  together. 

The  nozzle  is  a  narrow  slit,  curved  to  fit  the  outer  edge  of  the  wheel, 
the  idea  being  to  have  the  jet  strike  the  buckets  at  as  close  a  distance  as 
is  possible.  With  muddy  water  the  wear  on  this  form  of  nozzle  becomes 
objectionable  ;  with  considerable  heads,  a  jet  of  circular  section  will 
probably  show  better  results. 

This  wheel  has  met  with  great  favor,  a  large  number  of  them  being 
now  in  use. 

At  the  Providence  gold  quartz  mill,  near  Nevada  City,  a  Knight 
wheel  did  actual  work  amounting  to  about  54  per  cent,  of  the  power  of 
the  water,  in  addition  to  overcoming  friction  of  machinery. 

Mr.  Browne  found,  in  experimenting  with  curved  buckets  (section 
arc  of  circle),  a  maximum  efficiency  on  the  wheel-shaft  of  65i^o  P^r 
cent. ,  with  a  periphery  speed  of  about  44  per  cent,  of  theoretical  velocity 
of  water.    This  was  with  a  f-inch  tapered  nozzle,  and  a  head  of  50.4  feet. 

Fig.  4,  Plate  XII,  shows  the  Collins  wheel,  which,  when  placed  at 
the  Providence  mill  (before  spoken  of),  as  a  substitute  for  the  Knight, 
did  the  same  work  with  iV2ths  the  amount  of  water. 

This  mill  has  40  stamps,  each  weighing  750  pounds,  drop  8  inches, 
92  drops  per  minute,  aggregating  work  of  lifting  the  stamps  1  840  000 
minute  foot  pounds .     There  are  also  one  rock  breaker  and  sixteen  True 

*  This  iB  doubtless  due  to  the  increased  velocity  of  the  vena-contracta  at  its  smallest 
diameter,  after  the  jet  has  escaped  from  the  ring. 
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vanners  (concentrators),  requiring  fully  8  H.  P.  (264  000  foot  pounds) 
more,  making  in  all  say  2  104  000  minute  foot  pounds  (64  H.  P.). 

This  work  is  done  by  a  Collins  wheel,  6  feet  in  diameter,  running 
250  turns  a  minute  ;  the  water  is  conducted  to  it  through  1  856  feet  of 
wrought-iron  pipe  (1  156  feet  being  22  inches,  and  700  feet  15  inches  in 
diameter),  and  discharged  under  a  head  of  389  feet  through  a  If-inch 
nozzle.  The  water  used  amounts  to  very  nearly  136  cubic  feet  per 
minute. 

Assuming  2  feet  head  as  lost  by  friction  in  pipe,  387  X  136  x  62.4  = 
3  284  237  foot  pounds  per  minute;  2  104  000  —  3  284  237  =  64  per  cent.^ 
as  useful  effect  in  moving  machinery. 

The  wheel  is  quite  a  distance  from  the  main  line  of  shafting,  the 
power  being  transmitted  by  belts.  Allowing  for  losses  of  friction  in  belt- 
ing, lines  of  shafting,  cams  and  stamps,  there  would  result  an  efficiency 
on  this  wheel-shaft  of  over  70  per  cent. 

The  latest,  and  probably  the  most  efficient,  bucket  thus  far  dis- 
covered, is  known  as  the  Pelton  wheel,  a  perspective  view  of  which  is 
shown  by  Fig.  5,  Plate  XII,  and  a  section  through  the  bucket  by  Sketch 
6,  Plate  X. 

The  invention  consists  in  splitting  the  jet  as  it  strikes  the  biturcation 
of  the  bucket.  The  line  of  the  jet  should  be  tangential  to  the  wheel. 
Where  much  power  is  needed  two  discharge  pipes  can  be  used,  and  any 
desired  form  of  nozzle  applied. 

Mr.  Browne  found  with  one  of  these  wheels,  which  was  not  built  on 
the  most  approved  model,  the  following  results  : 

Wheel,  15j  inches  in  diameter. 

Nozzle,  fths  inch,  tapered. 

Head,  50.2  feet. 

Maximum  efficiency  on  wheel  shaft,  82^  per  cent. 

Best  speed  of  bucket,  very  nearly  one-half  the  velocity  of  the  jet 
(substantially  i  (2^7i)^)« 

With  the  same  nozzle,  and  a  head  of  only  8  feet,  he  obtained  a  useful 
effect  of  73  per  cent. 

*  The  writer  determined  amount  of  water  used  at  this  wheel  by  the  flow  through  a  stand- 
ard aperture.  The  work  done  is  only  given  with  approximate  correctness,  but  in  all 
probability  without  serious  error. 
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With  a  i-inch  nozzle,  best  result  was  75.6  per  cent.;  with  a  i^o-i^ch 
nozzle,  best  result  was  82. 6  per  cent. 

A  number  of  tests  of  various  hurdy-gurdies  was  made  at  Grass  Valley- 
some  months  since,  under  charge  of  disinterested  parties.  These  experi- 
ments appear  to  have  been  properly  made,  with  a  Prony  brake  and  weir 
measurement  of  water,  and  showed  for  the  Pelton  wheel,  while  doing 
107.4  H.  P.  of  work,  under  a  head  of  386  feet,  the  wonderfully  high 
efficiency  of  87.3  per  cent.*  The  other  competing  wheels  showed  a  much 
lower  rate  of  duty.     An  inspection  of  a  small  Pelton  wheel,  running  at  a 


*  These  experiments  were  made  with  a  Pelton  wheel  6  feet  in  diameter;  nozzle,  1.89  inches 
in  diameter  ;  supply  main.  6  900  feet  long,  22  inches  in  diameter,  with  a  head  of  386^  feet 
above  nozzle. 

The  water  used  was  measured  over  an  iron  weir,  3^  inch  thick,  3.042  feet  long,  without  end 
contractions,  as  shown  by  Sketch  7,  Plate  X. 

The  depth  as  measured  by  a  Boyden  hook-gauge,  reading  to  .001  inch,  was  .4146  feet. 

The  discharge  by  Fteley's  formula  oi  Q  =  3.31  I  h^  +  .007  I,  would  be  2.709  cubic  feet  per 

V» 
second.     With  water  section  of  3.04  x  1.5,  velocity  of  approach  was  .6  foot;  with  ha=  ~^ 

^9 
head  due  to  this  velocity  would  be  .0056;  to  be  safe,  .0056  x  2=  .0112  =ha  ==  additional 

ya 
head  due  to  velocity  of  approach.      Fteley  calls  in  general  ha=  i.5-_..      This  makes  a  total 

head  of  .4146  -|-  .0112  =  .4258;  then  with  same  formula  as  before,  Q  =  2,819  cubic  feet  per 
second. 

The  head  lost  by  friction  in  pipe,  with  formula  F  =  50  ( — r-^ — )  ^   would  be  1.8  =  hf^, 

reducing  total  head  of  386.5  to  effective  head  of  384  7  feet.    (The  Bourdon  gauge  used,  showed 
a  pressure  of  from  165  to  162  pounds,  indicating  a  head  of  say  380  feet.) 

The  work  done  was  measured  by  a  Prony  brake,  as  shown  by  Sketch  8,  Plate  X,  bearing 
vertically  down  upon  a  platform  scale,  and  which  showed  a  weight  of  200  pounds  upon  the 
scale-beam  when  the  brake  gear  was  suspended  by  a  cord  from  the  point  a,  immediately  above 
the  wheel-shaft;  this  made  a  constant  minus  correction  of  200  pounds.  The  friction  pulley 
had  a  face  of  12  inches,  was  kept  wet  by  a  jet  of  clear  cold  water,  did  not  heat  much,  and  ran 
without  much  jumping. 
There  were  thirteen  tests  made,  showing  pretty  even  results.  The  first  four  were  as  follows  : 


a. 

Weight  shown 
by  Scale. 

b. 

Net  Weight 
(  —  200  lbs.) 

c. 

Revolutions  of 

Wheel-shaft  per 

Minute. 

be. 

1 

2 
3 
4 

665 
665 
660 
660 

465 
465 
460 
460 

Totals 

254  >^ 

255 

256 

2563^ 

■ 

118  342 
118  575 
117  760 
117  990 

1  022 

472  067 

Means 

255  >2' 

118  167 
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very  high  velocity,  showed  that  it  "carried  over"  a  surprisingly  small 
amount  of  water.  This  fact  proves  the  excellence  of  this  particular  form 
of  bucket. 

The  writer  at  first  found  it  diflScult  to  believe  in  such  high  percentages, 
but  from  the  evidence  before  him  is  now  satisfied  that,  with  a  wheel 
properly  designed,  and  with  heads  above  100  feet,  or  even  less,  a  larger 
amount  of  work  can  be  gotten  out  of  water  by  the  hurdy-gurdy  than  by 
any  other  form  of  wheel.  Water  pressure  enginesf  may  possibly  give 
as  good  or  better  results,  but  their  great  cost  (due  to  the  solidity  with 
which  their  working  parts  and  column  must  be  built,  to  withstand  the 
shock  of  arresting  the  moving  water)  will  prevent  them  from  coming 
into  general  use. 

Where  a  wheel  is  so  placed  that  it  will  at  times  be  submerged  by 
back  water,  the  turbine  is,  of  course,  preferable  to  any  other  wheel.  In 
other  regards,  however,  the  hurdy-gurdy  possesses  almost  every  ad- 
vantage. 

The  chief  misapprehension  as  to  the  hurdy-gurdy  has  been,  in  con- 
sidering it  simply  as  an  impact,  and  not  also  as  a  pressure  wheel,  which, 
when  properly  designed,  as  Mr.  Browne  points  out,  it  clearly  is. 

Note. — An  examination  of  a  hurdy-gurdy  with  either  flat,  recessed 
or  curved  buckets,  while  at  work,  shows  that  the  wheel  *'  carries  over  " 
a  large  amount  of  water,  the  force  of  which  is  consequently  lost,  and  in 
fact  becomes  an  additional  load  to  lift. 

The  arm  of  the  brake  (A  B)  was  4.775  feet  from  centre  of  wheel-shaft  to  point  resting  on  the 
scale,  and  hence  described  a  circle  with  a  circumference  of  30  feet. 

The  work  done  was  therefore  (118  167  x  30)  3  545  000  minute  foot  pounds  =  107.4  H.  P. 

The  theoretic  power  of  the  water  was  (2.819  x  60  x  384.7  x  62.4)  4  060  253  foot  pounds. 
Useful  effect  was,  therefore,  87.3  per  cent. 

The  effective  head  being  384.7  feet,  the  velocity  of  the  escaping  jet  due  to  gravity  would  be 
157  feet  per  second,  or  9  420  feet  per  minute.  The  wheel  was  6  feet  in  diameter,  hence  circumfer- 
ence =  18.85' ;  with  255 >^  turns  per  minute,  ratio  of  bucket  speed  to  theoretic  velocity  would 

be  51  per  cent.,  or  .51  (2  g  h)  ^. 

The  nozzle  of  1.89  inch  diameter  had  an  area  of  .0195  square  feet;  hence  its  co-efl&cient  of 
discharge  was  .92. 

The  hook-gauge  was  only  2  feet  back  from  the  weir,  and  doubtless  gave  a  slightly  too 
small  depth  of  water  ;  the  co-efficient  of  .92  for  the  nozzle,  as  above,  is  rather  small,  also  in- 
dicating slightly  greater  discharge  than  that  estimated.  However,  these  experiments  show  in 
any  event  a  duty  of  fully  85  per  cent.,  which  agrees  with  the  results  found  by  Mr.  Browne. 

t  The  water-pressure  pumping  engine,  for  some  time  in  use  at  one  of  the  shafts  on  the 
Comstock  lode  in  Nevada,  is  said  to  show  an  efficiency  of  over  90/^ .  There  are  now  three  of 
these  engines  at  work  in  the  State  of  Nevada,  and  a  paper  fully  describing  them  would  be  of 
much  interest. 
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Mr.  Browne  says,  "  When  a  jet  of  water  strikes  a  stationary  bucket, 
*'  as  shown  ill  Fig.  a  or  b,  Plate  X,  so  soon  as  the  motion  becomes  perma- 
*'  nent,  the  wedge-shaped  portion  of  the  water,  shaded  with  horizontal 
"  lines,  becomes  practically  stationary." 

"When  such  a  bucket  is  used  for  a  wheel,  it  is  plain  that  the  shaded 
"  portion  of  the  water  is  'carried,'  and  must  subsequently  escape  with 
*'  nearly  the  full  velocity  of  the  bucket." 

The  wedge  which  is  inserted  in  the  Pelton  bucket,  takes  the  place  of 
this  "dead"  water. 

Methods  of  Conducting  Water  and  Transmitting  Power. 

A  description  of  the  mode  of  using  water  power  for  driving  the  North 
Bloomfield  tunnel  in  California,  some  years  since,  will  give  a  good  illus- 
tration of  some  of  the  advantages  of  the  hurdy-gurdy. 

This  tunnel  was  originally  about  8  000  feet  long,  through  a  slate 
highly  metamorphosed,  with  its  general  line  passing  under  a  good-sized 
stream,  at  a  depth  of  about  190  feet.  There  were  eight  working  shafts, 
each  about  200  feet  deep,  which,  with  the  lower  entrance  or  portal,  gave 
sixteen  working  faces.  Diamond  drills  were  used  at  the  lower  heading 
requiring  power;  the  other  fifteen  headings  were  driven  by  hand-work. 
It  was  uncertain  how  much  water  would  be  encountered,  but  from  the 
location  it  was  evident  that  a  large  quantity  might  be  struck  in  any 
shaft,  and  hence  it  became  necessary  to  have  ample  power  at  hand  at 
each  opening,  in  readiness  for  such  an  emergency. 

A  pipe  main  was  laid  along  the  general  line  of  the  tunnel,  with  its 
pen-stock  285  feet  vertical  above  the  surface  at  the  upper  shaft,  and  549 
feet  above  the  lowest  shaft.  It  was  made  of  single  riveted  sheet  iron, 
of  No.  14  (Birmingham)  gauge,  in  lengths  of  20  feet,  put  together  stove- 
pipe fashion,  with  the  joints  made  tight  by  cloth  tarred  strips  and  pine 
wedges.  This  pipe  had  a  diameter  of  15  inches  at  the  pen-stock,  dimin- 
ishing from  this  to  13,  11,  and  7  inches  at  its  lower  end. 

From  it,  short  branches,  7  inches  in  diameter,  were  extended  to  the 
several  shafts  ;  it  was  in  one  place  carried  across  the  stream  by  a  light 
suspension  bridge,  some  150  feet  long,  the  trunk  of  a  tree  on  either  side, 
forming  convenient  towers.  The  aggregate  length  of  the  main  and 
branches  was  9  960  feet,  with  some  2  500  feet  additional,  for  the  branch 
to  the  diamond  drills.     The  pipe  was  laid  on  the  surface  of  the  ground, 
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its  only  protection  being  in  places  a  couple  of  1^-inch  planks,  tacked  to- 
gether, and  placed  over  it ;  the  range  of  temperature  was  from  10°  to 
1070  Fahr.  (in  the  shade).  It  was  inspected  by  the  foreman  of  the  tun- 
nel-work as  he  daily  walked  over  the  line  ;  besides  the  occasional  driving 
of  a  few  wedges  and  putting  on  a  band  or  two,  it  gave  no  trouble  from 
leakage,  which  probably  for  its  entire  length  did  not  amount  to  more 
than  an  average  of  3  or  4  cubic  feet  per  minute  ;  from  time  to  time  a 
little  sawdust  was  put  into  the  pen-stock. 

Three  stop-gates  were  placed  on  the  main,  and  a  separate  stop-gate  at 
each  shaft,  operated  by  a  fine  threaded  screw,  so  that  the  water  could  be 
cut  off  when  desired. 

Sketch  9,  Plate  X,  shows  the  arrangement  of  the  machinery  for  hoist- 
ing and  pumping,  which  was  identical  at  the  several  shafts,  except  that 
the  hurdy-gurdies  varied  from  16^  feet  in  diameter  at  the  upper  shaft,  to 
21  feet  at  the  lowest  shaft.  The  water-wheel  moved  only  in  one  direc- 
tion; the  pinion  on  the  wheel-shaft  drove  the  spur-wheel,  to  which  the 
pitman  of  the  pump-bob  was  attached.  On  the  spur-wheel  shaft  was  a 
friction  gear,  driving  the  hoisting  reel;  this  reel  was  mounted  on  sliding 
blocks,  so  that  hoisting  was  done  by  putting  it  in  gear,  the  empty  load 
being  dropped  by  a  friction  band. 

Changing  the  size  of  the  water-wheel  as  the  pressure  increased,  per- 
mitted the  use  of  the  same  pattern  of  machinery  at  the  different  shafts. 

The  water  was  brought  to  the  wheel  by  a  discharge  pipe,  some  9  feet 
long,  having  a  vertical  movement  by  ball  and  socket  joint,  so  that  at 
pleasure,  by  dropping  the  pipe,  the  machinery  could  be  run  at  various 
speeds,  or  entirely  stopped.  At  the  end  of  this  discharge  pipe  was  a 
cast  tapered  nozzle,  about  3^  inches  in  diameter,  into  which  was  in- 
serted a  ring  of  saw-plate  steel  having  the  desired  diameter,  and  which 
was  held  in  place  by  an  annular  screw-cap.  By  changing  the  ring, 
which  only  required  a  few  moments'  time,  any  desired  amount  of  water, 
up  to  3  or  4  cubic  feet  per  second,  could  be  discharged  against  the  wheel. 
The  stop-gate  was  left  wide  open  while  the  machinery  was  running. 

The  pumping  was  done  by  eighteen  pumps,  of  Cornish  pattern  ;  the 
largest  amount  of  water  pumped  from  any  one  shaft  was  something  over  30 
cubic  feet  a  minute;  the  power  at  hand,  however,  was  ample  to  have  pumped 
more  than  twice  that  quantity.  It  was  rather  curious  at  this  shaft  to  see 
more  water  coming  from  the  pumps  than  was  used  on  the  wheel. 

The  two  diamond  drills  were  driven  by  a  small  hurdy-gurdy  set  on 
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the  rear  of  the  drill  carriage.  This,  but  at  another  tunnel,  was  after- 
wards modified  by  placing  a  separate  hurdy-gurdy  on  a  sleeve  on  each 
drill  rod  ;  the  advance  movement  of  the  drill  being  given  by  hydrostatic 
pressure  on  an  annular  piston,  thus  doing  away  with  all  gearing. 

These  eight  sets  of  machinery  were  run  for  nearly  2^  years'  time;  the 
only  break  being  that  of  a  spur-wheel,  doubtless  caused  by  the  careless 
dropping  of  a  steel  bar  between  it  and  its  pinion.  Aside  from  this  accident, 
practically,  not  a  dollar  was  spent  for  repairs,  and  the  machinery,  includ- 
ing the  pipe,  was  in  about  as  good  order  when  the  tunnel  was  finished 
as  when  it  was  first  erected. 

One  man,  on  a  12-hour  shift,  operated  the  machinery  at  each  shaft, 
besides  dumping  the  cars;  two  men  kept  the  18  pumps  on  the  line  in  order, 
the  principal  work  being  in  keeping  the  suction  pipes  for  the  down-grade 
headings  tight;  thus  a  force  of  18  men  was  only  required  for  the  8  shafts. 

The  cost  of  the  pipe,  gates,  &c.,  when  put  in  place,  was  $14  631,  and 
of  the  machinery  about  $60  000. 

At  the  Idaho  gold  quartz  mine,  situated  near  Grass  Valley,  California, 
water  power  has  been  introduced  during  the  past  year  (1883),  taking  the 
place  of  steam. 

The  supply  main  is  of  wrought-iron,  22  inches  in  diameter,  8  764 
feet  long,  buried  in  the  ground  below  frost  line.  The  joints,  as  a  rule, 
are  riveted  together,  with  occasional  lead  joints  to  admit  of  slight  move- 
ments in  the  pipe.*  The  pipe  was  coated  by  placing  each  joint  in  a  bath 
of  boiling  coal  tar  and  asphaltum;  to  insure  the  most  thorough  coating,  it 
is  necessary  to  keep  the  pipe  for  10  or  15  minutes  in  the  boiling  mixture. 
A  cast-iron  stop-gate  is  placed  at  the  lower  end  of  the  main,  and  also  one 
at  each  of  the  branches.  Cast-iron  man-holes  are  attached  to  the  main, 
which,  although  they  have  given  no  trouble  in  this  particular  case,  are 
very  objectionable  for  high  pressures,  as  it  is  difficult  to  avoid  ruptures 
with  cast  and  wrought-iron  combined,  owing  to  the  great  difference  in 
the  elasticity  of  the  two  metals. 

The  long  seams  of  this  pipe,  are  double-riveted,  and  the  round  seams 
single-riveted;  at  the  lower  end  iron  of  No.  6  gauge  is  used. 

From  the  end  of  the  main,  the  water  is  led  to  the  several  wheels  by 
branches  of  smaller  diameter. 

*  With  buried  wrought-iron  pipe  this  precaution  is  unnecessary,  as  the  fclasticity  of  the 
iron  will  admit  of  the  movement  due  to  changes  of  temperature,  without  injury  to  the  rivets. 
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The  water  is  delivered  at  the  hoisting  wheel  with  a  total  head  of  542 . 6 
feet.  For  power  and  for  mill  uses,  &c. ,  the  required  supply  is  about  8 
cubic  feet  per  second;  this  draught  reduces  the  effective  head  to  say 
523  feet. 

The  work  done  consists  in  driving  the  following  described  machinery  : 

A  large  air  compressor — 2  cylinders,  double  acting,  air  compressed  to 
75  lbs. — requiring  about  140  H.  P. 

A  line  of  Cornish  pumps,  forcing  the  water  from  a  depth  of  1  450  feet 
vertical ;  12-inch  plungers  for  upper  800  feet,  6-inch  plungers  for  lower 
650  feet,  with  6-foot  stroke,  requiring  from  55  to  70  H.  P. 

Hoisting  from  a  double  compartment  shaft — two  connected  winding 
reels,  moving  separate  cages— requiring  35  H.  P.,  or  more. 

A  few  small  machine  tools  and  smithy  forges,  requiring  3  or  4  H.  P. 

A  35  stamp  mill,  with  concentrating  apparatus,  «fec.,  requiring  about 
70  H.  P. 

The  total  amount  of  power  required,  being  say  320  H.  P.,  for  which 
seven  Pelton  hurdy-gurdy  wheels  are  employed. 

The  power  in  all  cases  is  transmitted  by  systems  of  manilla  rope  belt- 
ing ;  rope  is  2  inches  in  diameter  ;  grooves  in  the  sheaves  or  pulleys  are 
slightly  oval,  so  that  the  rope  does  not  go  quite  to  the  bottom  ;  the  ropes 
are  horizontal  and  run  very  slack  (no  tightners),  with  no  appreciable 
slip  ;  the  splices  are  made  very  long  to  obtain  uniformity  in  diameter. 

This  method  of  transmitting  power  appears  to  work  most  perfectly, 
and  has  given  excellent  satisfaction.  It  is  thought  at  the  Idaho,  to  be 
greatly  preferable  to  the  gearing  formerly  in  use,  when  the  works  were 
driven  by  steam  (for  such  work  as  pumping  or  hoisting,  leather  or  rub- 
ber belting  is  never  used),  besides  being  much  cheaper  in  first  cost. 

The  wheel  driving  the  air  compressor  is  6  feet  in  diameter,  running 
300  turns*  per  minute,  with  a  1  { ^-inch  nozzle  ;  three  ropes  are  used  from 
wheel-shaft  to  counter-shaft,  and  six  ropes  f^;om  the  latter  to  the  fly-wheel 
shaft. 

For  driving  the  pumps  there  are  two  water-wheels,  set  on  the  same 
shaft,  one  5  feet  and  the  other  7  feet  in  diameter,  either  of  which  can  be 
used  at  will,  thus  permitting  different  rates  of  speed ;  two  nozzles  are 
placed  on  each  wheel,  so  that  if  necessary  the  power  can  at  any  time  be 

*  The  revolutions  per  minute  of  these  weeels,  as  here  given,  are  only  approximate  ;  the 

X 

design  was  to  have  the  bucket  speed  =  ^  (2  g  h)  ^. 


FIG. 3 


THE 
KNIGHT 
WHEEL 


PLATE    XII 

TRANS.  AM.  SOC.   CIV.   ENGRS 

VOL. XIII  N9  CCLXXIV 

HAMILTON    SMITH    Jr 

ON  WATER   POWER 

WITH 
HIGH  PRESSURES 


THE 
COLLI  NS 
WHEEL 


FIG.  5 


THE 

PELTON 

WHEEL 


WHCCL      IS 

SHOWN    MOUNTEID    ON 

TEMPORARY    TRESTLES 


SMITH    ON   WATER    POWER    WITH    HIGH    PRESSURES.  27 

doubled.  The  smaller  wheel  has  a  li-inch  nozzle,  and  runs  360  turns 
per  minute  ;  the  larger  has  a  1^-inch  nozzle,  and  makes  270  turns  per 
minute.  There  are  two  ropes  from  the  wheel-shaft  to  a  counter-shaft, 
and  four  ropes  thence  to  flj-wheel  shaft,  on  which  is  the  pinion  driving 
the  spur-wheel  attached  to  the  pitman  of  the  pump-bob. 

Hoisting  is  done  by  two  wheels  placed  side  by  side  on  the  same  shaft, 
the  buckets  and  nozzle  of  each  wheel  being  placed  in  opposite  directions. 
Both  wheels  are  8  feet  in  diameter,  with  }|-inch  nozzles,  and  make  at 
full  speed  about  225  turns  a  minute.  Reversing  the  movement  of  the  shaft 
is  done  by  shutting  off  water  from  one  wheel,  and  turning  water  on  the 
other  wheel;  the  two  water-gates  for  these  nozzles  are  quickly  opened  or 
closed  by  hydrostatic  pressure,  afforded  from  the  water  main.  In  addi- 
tion to  the  usual  brakes  on  the  winding  reels,  a  brake  is  placed  on  the 
wheel-shaft,  so  that  it  can  be  stopped  in  a  very  short  period  of  time. 
The  shock  to  the  pipe  by  the  almost  instantaneous  cutting  off  the  water 
at  these  hoisting  wheels  (nearly  1  cubic  foot  per  second)  has  not  appa- 
rently had  any  injurious  effect.  To  lessen  this  shock  a  compensating 
balance  was  designed,  but  which  is  not  now  in  use. 

A  wheel,  of  small  diameter,  is  used  for  the  smithy,  &c. ,  running  at  a 
very  high  velocity. 

The  wheel  driving  the  stamp  mill  is  6  feet  in  diameter,  makes  300 
revolutions  a  minute,  and  is  supplied  through  a  li\-inch  nozzle.  The 
head  of  water  at  this  point  is  a  few  feet  greater  than  at  the  other  wheels. 

Power  is  transmitted  from  the  hoisting  and  mill  wheel -shafts  by  two 
and  four  ropes,  the  same  as  with  the  pumping  rig. 

The  amount  of  work  done,  or  of  water  used,  has  not  been  carefully 
determined  ;  judging  from  the  indicator  cards  taken  from  the  old  steam 
engines,  the  managers  of  the  Idaho  believe  that  an  efficiency  of  fully 
80  per  cent,  of  the  theoretic  power  of  the  water  is  obtained,  on  the  main 
driving  shafts  of  the  machinery. 

The  substitution  of  water  for  steam  power  has  resulted  in  a  large 
saving  of  expense.  Although  the  hills  near  by  are  covered  with  fine 
forests,  thus  making  wood  cheap,  and  although  a  round  price  is  charged 
for  water  by  the  company  furnishing  it,  the  cost  of  water  is  considerably 
less  than  that  of  the  wood  formerly  used  as  fuel.  The  cost  of  attendance 
is  altogether  in  favor  of  the  water-wheels,  which  hardly  require  any 
attention. 

The  cost  of  the  change  from  steam  to  water  power  was  ^46  496.32. 
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Texas  Creek  Pipe  and  Aqueduct. 

A  description  of  this  work  will  be  of  interest,  in  showing  the  gen- 
eral practice  followed  in  California  for  carrying  water  across  deep  moun- 
tain gorges. 

In  order  to  augment  its  water  supply,  the  North  Bloomfield  Gravel 
Mining  Company  desired  to  conduct  water  from  a  stream  known  as 
Texas  Creek,  in  Nevada  County,  California,  across  the  Big  Canon  branch 
of  the  South  Yuba  River  into  the  main  Bloomfield  flume  or  aqueduct, 
which  was  located  on  the  side  of  Big  Canon  Creek,  at  a  vertical  eleva- 
tion of  620  feet  above  the  bed  of  the  latter  stream. 

The  quantity  of  water  to  be  carried  was  about  32  cubic  feet  per 
second  (1 250  miner's  inches),  which  could  be  diverted  from  Texas 
Creek  at  a  point  480  feet  vertical  above  the  Bloomfield  flume.  An  aque- 
duct about  4  000  feet  long,  partly  of  ditch  and  partly  of  flume,  was 
needed  to  bring  the  water  from  the  catchment  dam  on  the  creek  to  the 
brow  of  the  gorge.  The  vertical  head  for  the  pipe  could  therefore  be, 
from  a  maximum  of  460  feet,  down  to  any  lesser  head;  with  a  head  of  460 
feet  the  pipe  would  be  4  790  feet  long,  and  with  a  head  of  220  feet  the 
length  would  be  4  290  feet. 

Assuming  a  maximum  tensile  strain  upon  the  iron  of  16  500  pounds 
per   square   inch,   with   the   formula   for   the   greatest   head    of    about 

d  =    {   •^^^~t)  '»   ^^^'  ^  =  68    (^^  '^  and  §  =  32], 
and  a  lower  value  of  the  co-efficient  in  the  last  equation  for  lesser  heads, 
it  was  found,  by  calculation,  that  the  least  cost  could  be  obtained  with  a 
head  from  300  to  350  feet.     The  head  fixed  upon  was  303.6  feet,  with  a 
length  of  4  438.7  feet. 

A  profile  of  the  pipe,  with  nearly  the  same  horizontal  and  vertical 
scales  (the  horizontal  scale  showing  slope  lengths),  is  given  in  Plate 
XIII ;  details  are  given  in  Plates  XIV  and  XV. 

The  pipe  was  of  double-riveted  sheet-iron,  made  in  lengths  of  about 
20  feet,  and  of  the  following  thicknesses  : 

1  349  linear  feet,  .083  inch  thick. 
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Some  of  the  iron  was  of  the  very  poorest  quality;  the  pipe  was  made 
by  contract  in  San  Francisco,  without  the  supervision  of  an  inspector,  as 
the  contractors  were  a  firm  of  good  reputation  ;  the  bad  quality  of  the 
iron  was  not  detected  until  too  late  to  have  it  corrected.  Since  then  the 
writer  has  always  had  such  pipes — the  mines  of  which  he  has  been  the 
manager  using  large  quantities— made  directly  on  the  ground  where  they 
are  to  be  used;  the  pipe-makers,  in  the  latter  case,  always  reject  such 
sheets  as  are  too  much  below  in  thickness  the  standard  gauge,  and  those 
which  show  in  passing  through  the  rolls  a  bad  quality  of  iron;  tests  of 
each  joint  by  hydrostatic  pressure  would  add  too  much  to  the  cost. 

The  maximum  tensile  strain  upon  each  of  the  seven  thicknesses  of 
iron  used,  was  intended  to  be  16  500  pounds  per  square  inch.  Some  of 
the  sheets  were  below  the  standard  gauge,  so  that,  in  reality,  the  tensile 
strain  is  sometimes  as  high  as  18  000  pounds . 

The  mean  diameter  of  the  pipe  was  1.416  foot.  The  entrance  into 
the  pen-stock  was  tapered,  so  that  the  co-efficient  of  contraction  was 
about  .92. 

For  pressures  not  exceeding  say  380  feet,  the  joints  were  put  together 
stove-pipe  fashion.  For  greater  pressures  the  joints  were  made  by  an 
inner  sleeve  riveted  on  one  end  of  the  joint,  with  an  outer  lap-welded 
band,  as  shown  by  Plate  XIV  ;  lead  was  run  into  the  space  between  the 
outer  band  and  the  pipe,  and  then  tightly  driven  up  by  caulking  irons. 

The  pipe  was  laid  under  the  bed  of  the  Big  Canon  Creek,  a  large 
stream  when  in  freshet,  where  the  head  below  the  hydraulic  grade  line 
was  760  feet. 

Some  of  the  lead  joints  leaked  slightly  at  first,  but  this  was  soon 
remedied  by  more  careful  caulking. 

No  man-holes  or  escape  gates  were  used. 

The  pipe  for  the  larger  part  of  the  year  is  not  filled  at  its  upper  end  ; 
when  such  is  the  case,  the  water  at  the  inlet  carries  down  the  pipe  a 
great  quantity  of  air,  for  which  escapes  must  be  provided  to  prevent  a 
jarring  or  throbbing,  which  would  soon  destroy  the  pipe.  The  escape 
air  valves  used,  are  shown  by  Plate  XV.  They  consist  simply  of  a 
heavy  flap  valve  of  cast-iron,  with  recess  for  lead  filling  to  give  greater 
weight,  set  on  top  the  pipe,  seating  on  a  vulcanized  rubber  cushion,  and 
swinging  on  a  loose  hinge.  When  the  pipe  is  only  partly  filled  with 
water  the  valves  drop  down  by  their  own  weight,  allowing  the  air  to 
freely  escape ;  when  the  water  rises   above   the  level   of  a  valve,  it  is 
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tightly  closed  by  the  resulting  pressure.  There  are  14  of  these  valves, 
those  on  the  lower  end  being  designed  to  allow  air  to  freely  enter  the 
pipe  in  case  it  should  burst  in  the  deeper  portion,  and  thus  prevent  any 
collapse  from  atmospheric  pressure. 

The  valves  have  answered  the  desired  purposes  most  effectually. 

The  pipe  was  hauled  over  a  road  built  to  the  inlet  end,  and  shot 
down  the  mountain  side  by  means  of  a  V-shaped  trough  of  wood.  For 
the  lower  end,  the  joints  were  hauled  up  the  cliff  side  into  place  by  a 
crab  worked  by  horse-power. 

On  steep  inclinations  the  pipe  was  held  firmly  in  place  by  wire  ropes 
fastened  to  iron  pins  in  the  solid  rock,  as  shown  by  the  sketch. 

The  covering  of  earth  and  stone  was  from  1  foot  to  2  feet  in 
depth;  with  steep  slopes  the  earth  was  kept  from  sliding  by  rough  dry 
walls,  or  by  cedar  plank  placed  crosswise. 

The  pipe  was  laid  in  1878;  the  first  year  it  broke  twice,  owing  to  the 
wretched  quality  of  the  iron  ;  since  then  it  has  given  no  trouble,  and 
has  required  practically  no  attention. 

The  cost  of  this  work — ditch  and  flume  4  000  feet,  and  pipe  4  440 
feet— was  $23  779.53. 

A  comparison   of  the  relative  values  of  w,    in  the  formula  v  = 
n    (r   s)  ,  for  the  foregoing  ditch,  flume  and  pipe,  will  be  instructive. 

The  ditch  has  a  width  on  the  bottom  of  3  feet,  on  the  top  of  6  feet, 
with  a  depth  of  3  feet,  and  an  inclination  of  20  feet  per  mile  ;  its  sides 
are  rough,  being  in  part  cut  through  the  rock  and  with  sharp  curves, 
although  fairly  regular — with  a  flow  of  about  1  300  miner's  inches 
(32.8  cubic  feet  per  second),  the  ditch  runs  about  full. 

Therefore  : 

a=   ^-^   X   3  =  13.5  ; 

r  —  - —  1  41  • 

—  3.3  4.  3  _|.  3.3 

_       20  1 

•  ^  ~  ■  5  280    ~  264  ; 

Q=  32.8,  hence  v  =  -^  =   2.43  ;  and 


n 


(in  v=^n{r  s)^\   =33. 
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The  flume  is  of  unplaned  boards,  rectangular,  2.67  wide  X  2.83  deep, 
with  an  inclination  of  32  feet  per  mile.  There  are  sharp  curves, 
although  these  were  made  as  regular  as  was  practicable;  the  boiling 
action  of  the  water  passing  around  these  curves  brought  the  flow  line 
[Q  =  32.8)  nearly  up  to  the  top  of  the  sides;  with  a  straight  flume  of  the 
same  size,  the  water  would  have  doubtless  stood  several  inches  lower. 

Therefore, 

a  =  2.67  X  2.83  =  7.56; 

'*  onft  • 

''  ~  2.83  +  2.67+2.83  ~         ' 

^  _     32     _  _1_ 
^^  "5  280  ~  165; 

0=  32.8,  hence  v   =   -S=  4.34;  and 

■     n  =  59. 

With  the  pipe,*  1.416  diameter, 

r  =  -^  =  .354  ;  Q  =  31.69  ;  v  =  20.13 

Allowing  for  loss  of  head  due  to  imparting  velocity  to  water,  and  for 
contraction, 

296.1  ,  ,„, 

s  =   -     .^  .  -  ;  and  n  =  131. 
4  438.7' 

We  hence  have  the  following  values  of  n,  in  v  =  n  [r  s)   ,   Q  being 
nearly  constant  : 

Rough  ditch,  with  sharp  curves 33 . 

Rectangular  flume,  with  sharp  curves 59 . 

Wrought-iron  pipe,  with  easy  curves,  coated  with  asphalt,  but  with 
rivet -heads  forming  noteworthy  obstructions  [m  =  65.5,  and  2  m 
=  n) 131. 

*  Vide  pp.  120-122,  Trausactions  Am.  Soc.  of  G.  E.,  for  year  1883. 
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DISCUSSION. 

The  Chair  (Vice-President  William  H.  Paine). — The  paper  just 
read  is  now  the  subject  for  discussion.  Mr.  Smith  will  doubtless  be 
pleased  to  answer  any  question  suggested  by  his  paper,  which  presents 
many  points  of  interest. 

Hamilton  Smith,  Jr.,  M.  Am.  Soc.  C.  E. — At  the  outset  I  would 
like  to  ask  a  question  myself.  We  use  on  the  Pacii&c  Coast,  for  carrying 
water  under  pressure,  almost  exclusively  wrought-iron  riveted  pipe ; 
cast-iron  is  only  used  in  the  larger  cities,  and  there  for  distributing 
mains,  where  frequent  connections  are  necessary  ;  the  main  supply  for 
San  Francisco  is  brought  from  storage  reservoirs,  some  fifteen 
or  twenty  miles  distant,  by  two  riveted,  sheet-iron  pipes,  into 
distributing  reservoirs  within  the  city  limits.  As  an  illustra- 
tion of  the  durability  of  such  pipe,  I  can  instance  two  pipes 
laid  side  by  side  in  1868  by  the  North  Bloomfield  Company,  each  26 
inches  in  diameter,  of  No.  16  iron  (.065  inch),  single- riveted,  with  a 
maximum  tensile  strain  upon  the  iron  of  about  11  500  pounds  per  square 
inch  ;  these  pipes  have  had  water  running  through  them  an  average  of  ten 
months  in  the  year  ;  after  16  years  of  use  they  seem  to-day  to  be  in 
nearly  as  good  order  as  when  first  laid.  The  canal  feeding  them  often 
carries  along  its  bottom  considerable  quantities  of  sand  and  gravel,  which 
passes  through  the  pipes,  and  one  would  have  supposed  that  the  result- 
ing wear  would  before  this  have  cut  through  such  thin  iron.  Now,  my 
question  is  this  :  If  on  the  Pacific  it  is  safe  and  economical  to  use 
wrought-iron  supply  mains,  why  can  they  not  be  used  here  ? 

William  R.  Hutton,  M.  Am.  Soc.  C.  E. — Have  those  pipes  last 
spoken  of  been  taken  up  and  examined  ? 

Mr.  Hamilton  Smith,  Jr. — They  have  never  been  moved  since  they 
were  first  laid. 

Mr.  Albert  H.  Emery. — What  is  the  speed  of  the  rope  transmission 
at  the  Idaho  mine,  and  what  are  the  sizes  of  the  sheaves  used  there  ? 

Mr.  Hamilton  Smith,  Jr. — I  cannot  give  at  the  present  moment 
either  with  exactness  ;  the  Idaho  manager  thinks  that  with  a  speed  of 
4  500  feet  per  minute,  a  manilla  grass  rope,  2  inches  in  diameter,  will 
safely  transmit  40  H.  P.  In  San  Francisco,  where  cotton  rope  made  in 
Dundee,  and  laid  up  with  tar,  is  chiefly  used,  for  the  same  size  of  rope 
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a  speed  of  only  1  600  feet  per  minute  is  thought  to  be  safe  for 
40  H.  P. 

Mr.  Albert  H.  Emery.  — What  distance  were  the  sheaves  apart  ? 

Mr.  Hamilton  Smith,  Jr. — From  40  to  80  feet ;  within  reasonable 
limits,  the  farther  apart  the  better. 

E.  B.  DoRSEY,  M.  Am.  Soc.  C.  E. — I  have  seen  them  over  100  feet 
apart, 

F.  O.  Norton,  F.  Am.  Soc.  C.  E. — Are  the  ropes  greased  ? 
Mr.  Hamilton  Smith,  Jr. — At  the  Idaho  they  are  not. 

Mr.  Albert  H.  Emery. — The  lining  of  the  grooves  in  the  sheaves  is 
iron  ? 

Mr.  Hamilton  Smith,  Jr. — Yes.  The  manager  of  the  Idaho  writes 
me,  after  a  year's  experience  with  this  rope  transmission,  that  it  has 
given  perfect  satisfaction. 

F.  CoLLiNGWooD,  M.  Am.  Soc.  C.  E. — Is  it  as  good  as  wire  rope  ? 

Mr.  Hamilton  Smith,  Jr. — Those  who  have  used  manilla  and  cotton 
rope  prefer  them  to  wire  ;  from  what  I  have  seen  of  this  system,  I 
would  now  feel  safe  in  using  it  for  the  transmission  of  power  upon  a 
very  large  scale. 

Theodore  Cooper,  M.  Am.  Soc.  C.  E.— What  pressure  was  there 
upon  the  Bloomfield  tunnel  water  main  ? 

Mr.  Hamilton  Smith,  Jr. — A  maximum  pressure  at  the  lower  end  of 
550  feet,  or  say  240  pounds  per  square  inch. 

Mr.  Theodore  Cooper.— How  were  the  joints  of  the  pipe  put  to- 
gether ?    ' 

Mr.  Hamilton  Smith,  Jr.— Each  joint  is  generally  about  20  feet 
long,  with  one  end  larger  than  the  other  ;  a  strip  of  tarred  canvas  is 
placed  around  the  smaller  end,  and  this  is  forced  into  the  larger  end  of 
the  next  joint  of  pipe,  with  large  sizes,  by  a  jack  screw,  and  with  small 
sizes,  as  7  inches,  by  driving  with  a  heavy  sledge;  if  the  joints  leak, 
then  small  pine  wedges  are  driven  in;  in  the  hydraulic  mines  it  is  neces- 
sary to  frequently  move  the  pipe;  hence  it  is  essential  that  it  shall  be  as 
light  as  possible,  with  these  stove-pipe  joints,  and  laid  upon  the  surface 
of  the  ground,  so  that  it  can  be  very  easily  and  quickly  taken  apart; 
where  the  ends  fit  nicely,  very  often  neither  canvas  nor  wedges  are 
necessary,  that  is,  for  heads  of  less  than  300  feet. 

Mr.  Theodore  Cooper.— What  prevents  the  pipe  from  pulling 
apart  ? 
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Mr.  Hamilton  Smith,  Jr. — There  is  no  danger  of  this  where  the  pipe 
has  no  sharp  bends  ;  at  bends  the  pipes  must  be  strongly  braced  on  the 
outside  of  the  bends. 

A.  Fteley,  M.  Am.  Soc.  C.  E. — What  prevents  the  water  from  forcing 
off  the  canvas  strips  ? 

Mr.  Hamilton  Smith,  Jr. — As  before  explained,  the  canvas  is 
wrapped  around  the  smaller  end,  and  the  joints  are  forced  together  by 
pressure,  either  by  sledging  or  jack-screws. 

Mr.  E.  B.  DoESEY. — Very  frequently  the  hydraulic  miners  do  not  use 
canvas  for  the  joints. 

Mr.  Hamiltion  Smith,  Jr. — In  our  hydraulic  mines,  with  22-inch  pipe 
laid  on  the  surface  of  the  ground,  with  joints  made  in  this  rough 
manner,  and  with  pressures  of  400  feet,  the  leakage  is  very  slight. 

Mr,  Albert  H.  Emery. — Are  the  pipes  laid  straight  ? 

Mr.  Hamilton  Smith,  Jr. — No,  they  have  many  bends,  often  quite 
sharp  ;  at  these  bends  the  pipe  must  be  well  braced,  especially  on  the 
upper  quarter  of  the  outer  side  of  the  bend. 

Mr.  Theodore  Cooper. — Does  the  iron  of  this  thin  pipe  rust,  and 
thus  lose  its  strength  ? 

Mr.  Hamilton  Smith,  Jr. — When  properly  tarred  or  coated,  there  is 
but  little  danger  of  rust;  the  instance  I  have  already  given  of  very  thin 
pipes  16  years  in  use,  with  a  large  tensile  strain,  is  sufficient  proof  of 
this.  Where  water  highly  charged  with  sulphate  of  iron  (copperas) 
trickles  over  a  pipe,  then  I  have  seen  it  rapidly  attacked  by  rust. 

Mr.  A.  Fteley. — The  outside  of  the  pipes  are  coated  ? 

Mr.  Hamilton  Smith,  Jr. — Both  outside  and  inside.  The  proper 
way  to  coat  pipes  is  to  have  an  iron  tank  large  enough  to  hold  a  single 
joint,  22  feet  being  about  the  longest  size.  In  this  tank  the  coating 
mixture  is  placed,  consisting  of  asphalt,  coal  tar,  a  little  oil,  and  some- 
times a  little  rosin,  if  it  is  desired  to  have  a  hard  surface.  This  mixture 
is  brought  up  to  boiling  temperature,  and  the  pipe  is  allowed  to  remain 
in  it  for,  say,  ten  minutes,  until  it  has  become  thoroughly  heated,  and 
acquired  the  same  temperature  as  the  mixture . 

Mr.  Albert  H.  Emery. — How  are  the  pipes  dried  ? 

Mr.  Hamilton  Smith,  Jr. — After  immersion  in  this  bath  each  joint 
is  hoisted  out  of  the  tank,  and  laid  upon  trestles  in  the  air  and  sun. 

Mr.  Albert  H.  Emery. — Are  you  ever  troubled  with  air  in  your 
inverted  siphon  pipes  ? 
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Mr.  Hamilton  Smith,  Jr. — When  such  a  pipe  is  first  filled,  then 
escapes  for  the  air  must  be  provided  at  the  anticlinal  points  along  its 
length;  after  the  pipe  is  once  filled  with  water,  and  a  constant  stream 
flowing  through  it,  then  no  air  escapes  or  valves  are  necessary. 

Mr.  A.  Fteley. — Then  you  do  not  use  air  valves  along  these  pipes? 

Mr.  Hamilton  Smith,  Jr. — It  is  necessary  to  provide  valves  for  the 
escape  of  air,  when  the  supply  of  water  is  not  sufficient  to  fill  the  pipe  at 
its  upper  end.  At  the  Cherokee  pipe,  in  California,  with  which  Mr. 
Dorsey  is  quite  familiar,  when  it  was  first  laid,  in  1871,  there  was  an 
insufficient  supply  of  water,  and  much  trouble  was  experienced  by  the 
water  at  its  upper  end  carrying  into  the  pipe  large  quantities  of  air, 
which,  before  it  made  its  way  out  of  the  pipe,  resulted  in  tremendous 
shocks  or  jars.  After  the  supply  of  water  was  sufficient  to  fill  the  pipe, 
then  no  further  trouble  from  this  cause  has  been  experienced. 

In  the  Texas  Creek  pipe,  built  by  me  (4  440  feet  long,  with  the  great 
head  of  300  feet),  and  which  is  filled  only  a  short  period  in  the  year,  I 
attached  at  the  upper  end  a  number  of  automatic  flap  escape  air  valves, 
and  there  we  have  had  no  trouble  whatever.  In  the  hydraulic  mining 
pipes,  inside  iron  flap  valves  lined  with  leather  are  placed  every  few  hun- 
dred feet  apart,  so  that  in  case  the  pipe  should  burst  at  its  lower  end, 
and  hence  be  very  rapidly  emptied,  then  the  air  rushes  in  through  the 
valve  holes,  and  prevents  the  pipe  from  collapsing  by  atmospheric 
pressure. 

Mr.  A.  Fteley. — What  pressure  does  that  Cherokee  pipe  sustain,  and 
how  long  is  it  ? 

Mr.  Hamilton  Smith,  Jr. — That  pipe  is  about  13  000  feet  long,  30 
inches  in  diameter,  with  a  maximum  pressure  of  887  feet  below  the 
hydraulic  grade  line;  at  that  point  the  iron  is  fths  inch  thick,  double- 
riveted;  the  lightest  iron  used  in  the  pipe  is  x^th  inch  thick;  the  highest 
tensile  strain  is  17  549  pounds  per  square  inch. 

Mr.  E.B.  DoESEY. — A  short  time  since  I  wrote  to  the  Superintendent 
of  the  Spring  Valley  Mine,  at  Cherokee,  Cal.,  asking  him  in  regard  to 
the  condition  of  this  pipe;  he  reported  that  notwithstanding  its  constant 
service  of  14  years,  it  is  now  in  good  condition,  showing  no  signs  of 
decay.  This  is  remarkable,  as  at  the  upper  ends  of  the  pipe,  where  the 
pressure  does  not  exceed  180  feet,  the  iron  is  only  1^2^11  of  an  inch 
thick. 

San  Francisco  has  for  many  years  been  almost  altogether  supplied 
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with  water  brought  through  wrought-iron  mains.  Recently  I  wrote  to  the 
President  of  the  Spring  Valley  "Water  Co.,  which  supplies  that  city  with 
water,  asking  about  the  durability  of  these  pipes.  He  informs  me  that 
there  was  no  sign  of  weakness  in  them,  although  some  of  the  pipes  had 
been  in  use  over  20  years.  The  experience  there  has  shown  a  coat- 
ing of  asphaltum,  when  well  applied,  to  be  a  perfect  protection  against 
rust.  This  company  is  now  increasing  its  water  supply,  by  bringing  in 
the  drainage  from  the  Calaveras  water  shed,  crossing  the  San  Jose 
valley  by  a  wrought-iron  pipe  5  feet  in  diameter,  24  miles  long,  under  a 
pressure  of  500  feet  vertical. 

Virginia  City,  Nevada,  is  supplied  by  water  brought  from  the  Sierra 
Nevada,  crossing  Washoe  Lake  and  Valley,  over  2  miles  across,  with  a 
maximum  vertical  pressure  of  1  720  feet,  equal  to  740  pounds  per  square 
inch,  there  being  two  pipes  laid  side  by  side. 

The  conservative  English  engineer  has  also  commenced  to  use  for 
water-works  long  lines  of  pipe  under  high  pressure,  instead  of  the  aque- 
duct that  has  heretofore  been  so  popular.  Works  were  commenced  in 
1881  to  supply  Liverpool,  England,  with  52  000  000  gallons  of  water 
daily  from  the  Vyrnwy  River,  in  North  Wales.  The  impounding  reser- 
voir has  an  elevation  of  820  feet.  Cast-iron  pipes  will  be  laid  from  there 
to  the  service  reservoir,  near  Liverpool,  at  277  feet  above  mean  tide; 
the  pipe  line,  64  miles  long,  crossing  the  Weaver  River  in  11  feet  of 
water,  and  the  Mersey  River,  660  feet  wide,  in  21  feet  of  water;  in  both 
cases  in  dredged  channels  on  the  bottom  of  the  river.  Vertical  pressure 
of  water,  about  400  feet. 

Thomas  Hawksley,  the  distinguished  engineer,  is  a  very  strong  advo- 
cate of  this  plan;  through  his  recommendation  and  advice  it  was  adopted, 
being  in  his  judgment  durable  and  safe. 

Mr.  Hamilton  Smith,  Jr. — The  Spring  Valley  Water  Co.,  of  which 
Mr.  Dorsey  has  spoken,  found  it  cheaper  to  lay  wrought-iron  pipes  than 
to  build  an  aqueduct  for  the  supply  of  San  Francisco. 

Charles  E.  Emery,  M.  Am.  Soc.  C.  E. — When  a  boy,  I  made  a  boiler 
of  stove-pipe,  with  wooden  heads,  on  which  I  carried  30  pounds  pressure 
of  steam. 

Mr.  F.  CoLLiNGwooD. — I  would  like  to  hear  something  more  about 
these  California  pipes. 

The  Chair. — In  early  days  in  California  twilled  cloth  was  used  to 
carry  water.     I  have  seen  thin  cloth  sewed  into  hose,  through  which 


DISCUSSION — WATER    POWER    AND    WATER    PIPE.  37 

water  was  carried  under  a  head  of  12  feet,  to  wash  the  placers.  If  the 
water  was  clear  it  passed  through  the  cloth,  but  when  muddy  the 
interstices  of  the  cloth  became  filled,  and  it  was  practically  tight. 

Mr.  Albert  H.  Emery. — What  diameter  was  this  hose? 

The  Chair. — Six  inches.  A  good  many  strange  things  can  be  seen  in 
California,  which  people  here  would  hardly  think  possible. 

I  remember  one  rather  amusing  incident  there.  In  order  to  carry 
water  across  a  winding  ravine,  a  party  of  Yankee  miners  laid  such  a  hose 
of  some  length,  with  a  slight  inclination,  and  at  its  lower  end  rising  20 
feet  vertical,  and  discharging  into  another  ravine;  the  discharge  end 
was,  of  course,  lower  than  the  inlet,  but  from  the  configuration  of  the 
ground  an  uneducated  eye  would  have  judged  that  the  first  part  of  the 
hose  was  about  level,  and  hence  it  seemed  very  surprising  to  see  the 
water  all  at  once  rise  the  20  feet.  A  party  of  Germans  noticed  with 
wonder  this  efiect,  and  laid  for  their  claim  a  hose  nearly  level  from  its 
inlet,  giving  it  at  the  lower  end  a  similar  vertical  ascent  of  20  feet.  To 
their  chagrin  no  water  would  run  through,  and  they  could  not  get  it 
through  their  heads  how  the  Yankees  could  make  water  run  up  hill 
where  Germans  could  not. 

Mr.  Hamilton  Smith,  Jr. — When  I  first  went  to  California,  in  1869, 
canvas  hose  of  double  heavy  duck  was  still  in  use  for  pressures  of  nearly 
200  feet;  this  was  before  the  invention  of  the  "monitor,"  which  is  an 
iron  discharge  pipe,  working  on  an  universal  joint;  since  this  invention 
no  hose  has  been  used  in  the  mines. 

Mr.  Charles  E.  Emery. — In  these  hurdy-gurdy  wheels  what  is  the 
action  of  the  jet  as  it  escapes  from  the  bucket  ?  Does  the  water  turn 
back,  or  does  it  continue  straight  forward  ? 

Mr.  Hamilton  Smith,  Jr. — With  a  perfect  wheel,  the  water,  after 
striking  the  bucket,  should  lose  all  velocity,  and  fall  by  gravity  into  the 
sluice,  under  the  wheel,  which  carries  ofi"  the  discharge  water. 

Mr.  Charles  E.  Emery. — Does  it  drop  directly  down? 

Mr.  Hamilton  Smith,  Jr.  — It  should  do  so  with  a  perfect  wheel,  as 
stated  in  the  paper  read.  The  more  imperfect  types  of  the  hurdy-gurdy 
**  carry  over  "  a  large  amount  of  water;  one  of  the  marked  features  of 
the  Pelton  bucket  is  the  small  amount  of  water  "carried  over,"  even 
with  a  small  wheel  running  at  very  great  velocity. 

The  Chair. — I  remember  one  of  the  largest  water-power  wheels  put 
up  in  the  California  mines;  it  was  a  narrow  overshot,  said  to  be  90  feet 
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in  diameter;  soon  afterwards  the  wheel  just  described  was  first  intro- 
duced. 

Mr.  F.  CoLLiNGwooD. — Who  is  the  inventor  of  this  Pelton  wheel,  and 
how  did  he  arrive  at  this  peculiar  form  of  bucket  ? 

Mr.  Hamilton  Smith,  Jr.— He  is  a  village  carpenter,  who  lived  where 
there  were  convenient  opportunities  for  testing  such  wheels.  He  bought 
and  studied  Mr.  Francis'  "Lowell  Experiments,"  constructed  a  Prony 
brake  and  a  weir  to  measure  the  water  used,  and  with  these  made  cpn- 
tinuous  tests,  until  he  arrived  at  the  peculiar  form  of  bucket  and  setting 
which  he  determined  gave  the  highest  efficiency. 

Mr.  A.  Fteley. — There  have  lately  been  built  in  New  England,  tur- 
bines showing  a  very  large  rate  of  useful  effect — as  high  as  83  or  84  per 
cent.  I  have  seen  this  turbine,  and  was  much  impressed  with  its  high 
efficiency.  In  the  case  referred  to  the  rate  of  efficiency  given  is  entirely 
reliable,  being  determined,  for  each  wheel  manufactured,  by  systematic 
tests  made  with  a  measuring  apparatus  of  the  most  approved  kind, 
under  able  engineering  supervision. 

Mr.  Charles  E.  Emery. — I  would  like  to  ask  if  any  one  present  is 
familiar  with  the  operations  of  turbines  under  high  heads. 

Mr.  Hamllton  Smith,  Jr. — Turbines  with  high  heads  have  been  used 
for  motive  power  in  driving  the  great  Alpine  tunnels — the  Mont  Cenis, 
Saint  Gothard  and  Arlberg.  It  is  stated  that  much  trouble  has  been 
there  experienced  in  the  wear  upon  the  wheel-shafts,  guides  and  gates. 
In  California  this  wear  was  so  objectionable,  that  with  perhaps  nearly 
800  wheels  now  in  operation,  there  is  not,  to  my  knowledge,  a  single 
turbine  at  work. 

Mr.  E.  B.  Dorset. — I  do  not  know  of  a  single  one. 

Mr.  Hamilton  Smith,  Jr. — In  testing  a  turbine  the  wheel  is,  of  course, 
in  as  perfect  order  as  can  be;  after  a  few  months  of  wear — certainly  with 
high  heads — its  efficiency  would  be  found  to  have  much  diminished.  With 
a  hurdy-gurdy  the  efficiency  will  remain  the  same  after  years  of  wear. 

Mr.  A.  Fteley. — Will  not  the  iron  buckets  wear  out  with  a  jet  of 
great  velocity  ? 

Mr.  Hamilton  Smith,  Jr. —Hard  cast  iron  will  last  a  long  time,  and 
the  cost  of  replacing  such  buckets  is  insignificant. 

Mr.  F.  CoLLiNGWOOD. — I  should  think  that  such  wheels  would  be 
good  for  small  powers  driven  by  city  water-works. 

Mr.  Hamilton  Smith,  Jr. — Yes,  they  seem  especially  suited  for  such 
purposes. 
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Mr.  F.  CoLLiNGWooD.  — What  efficiency  did  I  understand  you  to  say 
could  be  obtained  from  this  Pelton  wheel  with  small  heads? 

Mr.  Hamilton  Smith,  Jr. — Mr.  Browne,  with  a  head  of  50  feet,  got 
82^  per  cent,  and  with  a  head  of  8  feet,  73  per  cent. 

Mr.  A.  Fteley. — I  would  like  to  have  some  more  information  in 
regard  to  those  Virginia  City  pipes. 

Mr.  Hamilton  Smith,  Jr. — The  first  laid  was  of  double-riveted 
wrought-iron  about  11  inches  in  diameter,  with  the  joints  connected  by 
lead  filling  of  an  outer  band  and  inner  sleeve.  A  good  deal  of  trouble 
was  first  experienced  in  getting  these  joints  tight,  as  the  great  pressure 
forced  out  the  lead  in  several  of  the  connections.  The  second  was  a  lap- 
welded  tube  10  inches  in  diameter,  generally  united  by  outside  screw 
couplings,  with  occasional  lead  joints  to  admit  of  expansion.  This  latter 
pipe  gave  no  trouble  at  all,  and  it  was  found  that  expansion  joints  were 
not  necessary. 

Geokge  S.  Greene,  Jr.,  M.  Am.  Soc.  C.  E. — Were  these  pipes  buried 
in  the  ground  ? 

Mr.  Hamilton  Smith,  Jr. — Yes;  the  lap- welded  pipe  was  put  together 
in  the  trench  during  the  daytime,  and  early  in  the  following  morning, 
before  the  sun  had  risen,  the  section  of  pipe  connected  together  was 
covered  with  earth  while  it  had  a  comparatively  low  temperature. 

Mr.  George  S.  Greene,  Jr. — What  is  the  temperature  of  the  water 
running  through  these  pipes,  and  also  of  the  air  at  this  point  ? 

Mr.  Hamilton  Smith,  Jr. — The  water  varies  between  say  73°  and  36° 
Fahr.,  and  the  air  in  Washoe  Valley  from  100°  in  the  shade  to  perhaps 
20O  below  Fahr. 

Mr.  Theodore  Cooper. — Does  iron  corrode  when  coated  in  the 
manner  you  have  described  ? 

Mr.  Hamilton  Smith,  Jr. — When  properly  done  it  seems  to  be  a  per- 
fect protection  ;  when  the  pipe  is  simply  painted  the  protection  is 
imperfect.  The  secret  of  a  thorough  coating,  consists  in  raising  the 
temperature  of  the  pipe  to  that  of  the  boiling  mixture  in  which  it  is 
immersed. 

Mr.  Theodore  Cooper. — What  is  that  temperature? 

Mr.  Hamilton  Smith,  Jr.  — I  have  never  determined  it. 

A  Member. — I  believe  between  350°  and  400°  Fahr. 

Mr.  Theodore  Cooper. — I  have  been  told  in  the  pure  air  of  Colorado 
uncoated  iron  pipe  will  not  rust;  is  that  a  fact  ? 
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Mr.  Hamilton  Smith,  Jr. — I  should  doubt  the  truth  of  such  a  state- 
ment.    In  California  iron  will  rust  about  as  soon  as  anywhere  else. 

Mr.  Theodoee  Coopee. — "What  were  the  co-efficients  of  discharge 
with  the  high  heads  spoken  of  ? 

Mr.  HAMiiiTON  Smith,  Jr. — Through  rings  from  .60  to  .64,  and 
through  nozzles  from  .94  to  1.  My  experiments  agree  with  those  of 
General  Ellis,  in  showing  through  square-edged  orifices  the  co-efficient 
of  discharge  is  the  same  for  high,  as  for  heads  of  2  or  3  feet. 

Mr.  Charles  E.  Emery.  —In  order  to  obtain  a  greater  discharge  upon 
your  Bloomfield  wheels,  you  simply  used  a  larger  ring  ? 

Mr.  Hamiltgn  Smith,  Jr. — Yes;  this  was  very  quickly  done;  the  water 
was  shut  off  only  for  a  few  moments  to  make  the  change. 

Mr.  Charles  E.  Emery. — Turbines  need  not  necessarily  be  mounted 
upon  vertical  shafts;  they  are  sometimes  placed  upon  horizontal  shafts; 
the  principle  of  the  wheel  is  the  same  in  either  case. 


AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

INSTITUTED     1852. 


I 


TRA.TSrSA.CT10]SrS. 

Note. — This  Society  is  not  responsible,  as  a  body,  for  the  facts  and  opinions  advanced  in 

any  of  its  publications. 


CCLXXV. 

(Vol.  XIII.— February,  1884.) 


STRUCTURAL    STEEL. 


By  Edwabd  B.  Dobsey,  M.  Am.  Soc.  C.  E. 
Read  Febeuaky  20th,  1884. 


WITH    DISCUSSION. 


Within  the  last  fifteen  months  I  have  investigated  the  relative  merits 
of  the  different  kinds  of  steel  and  wrought-iron  for  structural  purposes. 
Such  investigation  has  necessitated  two  trips  to  Europe  and  much  cor- 
respondence, and  has  taken  more  of  my  time  than  most  engineers  can 
devote  to  any  special  subject.  I  propose  to  give  in  this  paper  the  result 
of  such  investigations,  in  hopes  of  being  of  service  to  those  who  cannot 
spare  the  time  to  investigate  for  themselves. 
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My  investigations  were  principally  confined  to  Europe,  for  the  reason 
that  the  experiences  there  in  steel  have  been  much  longer  and  more 
extended  than  in  this  country. 

The  usual  steel  for  structural  purposes  is  called  generally  in  England 
and  here  **mild  steel,"  and  by  Krapp  and  most  of  the  Germans 
"homogeneous  iron."  This  last,  I  think,  is  the  most  appropriate 
name. 

Its  characteristics  are  greater  ductility  and  malleability,  and  less 
tensile  strength,  than  hard  or  tool  steel. 

There  is  no  dividing  line  between  hard  and  mild  steel.  In  general 
terms,  the  tensile  strength,  hardness  and  brittleness  increase  with  the 
carbon,  and  as  the  carbon  decreases  so  does  the  tensile  strength  and 
hardness,  and  the  ductility,  malleability  and  toughness  increase.  As 
silicon,  phosphorus  and  other  impurities  have  somewhat  the  same  effect 
as  carbon,  the  consumers  in  Great  Britain  generally  rely  more  upon  the 
good  reputation  of  the  manufacturer,  and  the  physical  tests  made,  than 
upon  the  chemical  composition;  the  consumer  stating  the  physical  tests 
the  steel  must  stand — the  manufacturer,  in  his  discretion,  uses  the 
chemical  composition  that  will  produce  the  required  metal. 

The  British  Admiralty,  the  British  Board  of  Trade,  and  Lloyd's 
Register  of  England  have  adopted  rules  for  testing  structural  steel. 
I  think  it  advisable  to  give  the  following  full  synopsis  of  them,  as  they 
show  the  conclusions  arrived  at  after  long  experience  and  experiment- 
ing. 

(The  ton  named  in  this  article  is  the  long  ton  of  2  240  lbs, ) 

Beittsh  Admiralty. — Tensile  test. — "Strips  cut  lengthwise  to  have 
an  ultimate  tensile  strength  of  not  less  than  26,  and  not  exceeding  30 
tons  per  square  inch  of  section,  with  an  elongation  of  20  per  cent,  in  a 
length  of  8  inches." 

Bending  test. — "Strips  cut  crosswise  or  lengthwise  1^  inches  wide, 
heated  uniformly  to  a  low  cherry  red  and  cooled  in  water  of  82°  Fahren- 
heit; must  stand  bending  in  a  press  to  a  curve  of  which  the  inner  radius 
is  one  and  a  half  times  the  thickness  of  the  steel  tested." 

"  The  ductility  of  every  plate,  etc.,  is  to  be  ascertained  by  the  appli- 
cation of  one  or  both  of  these  tests  to  the  shearings,  or  by  bending 
them  cold  by  the  hammer. " 

"  One  plate,  etc.,  to  be  taken  for  testing  from  every  invoice,  provided 
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the  number  of  plates,  etc. ,  does  not  exceed  fifty.  If  above  that  number, 
one  for  every  additional  fifty  or  portion  of  fifty.  Steel  may  be  received 
or  rejected  without  a  trial  of  every  thickness  on  the  invoice." 

Lloyd's  Register. — Both  ship  and  boiler  steel  is  tested  by  Lloyd's 
surveyors. 

Tensile  test. — Boiler  plates,  26  to  30  tons  per  square  inch,  and  20  per 
cent,  elongation  in  8  inches. 

Ship  plates,  27  to  31  tons  per  square  inch,  and  20  per  cent,  elongation 
in  8  inches. 

Ship  angles  and  beams,  27  to  33  tons  per  square  inch,  and  16  per  cent, 
elongation  in  8  inches. 

A  tensile  test  is  taken  by  the  surveyor  from  every  charge  or  cast  from 
which  the  plates  are  made. 

Bending  test. — A  temper  bend  is  taken  from  every  plate,  bar,  etc., 
both  for  ship  and  boiler  material.  The  test  pieces  are  heated  to  a  low 
cherry  red,  and  cooled  in  water  of  82*^  Fahrenheit.  They  must  then  stand 
bending  to  a  curve,  the  inner  radius  of  which  is  one  and  a  half  times  the 
thickness  of  the  piece. 

Board  of  Trade. — Only  steel  which  is  to  be  used  in  the  manu- 
facture of  marine  boilers  is  tested  by  the  Board  of  Trade  surveyors. 

Tensile  test. — Furnace  plates  and  plates  exposed  to  flame,  26  to  28 
tons  per  square  inch,  with  20  per  cent,  elongation  in  10  inches.  Shell 
plates  and  plates  not  exposed  to  flame,  28  to  30  tons  per  square  inch, 
with  20  per  cent,  elongation  in  10  inches. 

A  tensile  test  is  required  from  every  plate.  25  per  cent,  of  these 
tests  are  made  in  presence  of  a  Board  of  Trade  surveyor  ;  the  others  are 
made  by  the  steel  makers.  The  tensile  strength  and  elongation  are 
stamped  on  every  plate.  The  letters  B  T  are  also  stamped  on  all  plates 
passed  by  the  Board  of  Trade  surveyor. 

Bending  test. — From  every  plate  exposed  to  flame,  a  shearing  is 
taken,  heated  to  a  low  cherry  red,  and  cooled  in  water  of  82*^  Fahren- 
heit. It  must  then  stand  bending  to  a  curve,  the  inner  radius  of  which 
is  equal  to  one  and  a  half  times  the  thickness  of  the  plate. 

In  the  case  of  shell  plates  and  plates  not  exposed  to  flame,  a  test  piece 
is  taken  from  each  plate  and  bent  cold  to  a  curve,  the  inner  radius  of 
which  is  equal  to  one  and  a  half  times  the  thickness  of  the  plate. 
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The  test  requirements  of  other  European  Governments  are  usually 
the  same  as  those  of  the  British  Admiralty. 

The  tendency  among  English  engineers  is  to  use  steel  still  softer  than 
that  stated  in  the  preceding  test  rules.  Some  large  builders  will  use 
nothing  in  their  boilers  over  26  tons  tensile  strength  per  square  inch, 
^nd  25  per  cent,  elongation  in  8  inches,  and  advise  the  adoption  of  the 
same  test  for  all  structural  purposes.  Two  of  the  largest  consumers  in 
Central  England  advise  the  use  of  steel  of  from  23  to  25  tons  tensile 
strength  per  square  inch,  and  25  per  cent,  elongation  in  8  inches. 

Many  of  the  accidents  that  occurred  during  the  early  introduction  of 
steel  are  ascribed  to  the  use  of  steel  of  too  high  tensile  strength,  and  too 
low  per  cent,  of  elongation;   consequently  it  was  brittle  and  unreliable. 

American  engineers  generally  use  it  from  15  to  20  per  cent,  higher 
tensile  strength  than  the  English. 

"The  Steel  Company  of  Scotland"  manufactures  about  500  tons 
daily  of  Siemens-Martin  steel,  all  of  which  is  used  for  structural  pur- 
poses. They  are  now  furnishing  all  the  steel  for  the  new  *'  Cunard  "  all- 
steel  steamer  Umbria,  8  000  tons  register,  and  all  the  steel  for  the 
New  Forth  Bridge,  about  42  000  tons;  yet,  in  looking  over  their  test 
book,  the  highest  tensile  strength  I  saw  was  34  tons  per  square  inch, 
which  is  the  maximum  allowed  on  the  compression  members  of  the  New 
Forth  Bridge,  while  the  maximum  tensile  strain  for  tension  members  is 
30  tons. 

The  Siemens-Martin,  or  open-hearth  steel,  is  preferred  by  nearly  all 
•consumers  for  structural  purposes.  It  is  used  exclusively  in  many  of 
the  largest  ship-yards,  it  being  considered  more  reliable  and  uniform  in 
its  structure  and  composition  than  the  Bessemer,  which  is  principally 
used  for  railroad  purposes. 

All  the  shipbuilders  with  whom  I  have  conversed  are  very  decided  in 
their  preference  of  the  Siemens-Martin  steel  over  the  Bessemer,  or  the 
best  Yorkshire  iron,  including  Lowmoor.  A  member  of  one  of  the  old- 
est and  largest  firms  told  me  that  in  a  given  quantity  of  plates  there 
would  be  condemned  and  returned  for  flaws,  or  other  imperfections, 
more  than  fifty  times  as  many  plates  made  of  the  best  Yorkshire  iron 
than  those  made  of  Siemens-Martin  steel. 

Steel  is  weakened  by  shearing;  the  edges  of  the  plates,  where  subject 
to  heavy  strain,  are  generally  planed  afterwards;  the  removal  of  i^e  to 
i  inch  restores  the  original  strength;^  annealing  also  restores  it. 
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Steel  is  also  weakened  by  punching.  Custom  and  opinion  differ  as 
to  the  best  mode  of  making  the  holes.  Some  punch,  and  afterwards 
ream  out  i^^  to  i  inch,  which  removes  all  the  damaged  part  in  thin  plates; 
others  drill  the  holes;  others  punch  the  holes,  and  anneal  afterwards, 
which  restores  the  original  strength;  while  others  increase  the  thickness 
to  compensate  for  the  strength  lost  by  punching. 

Mr.  Parker,  the  chief  engineer  of  Lloyd's  Register  of  England,  made 
a  large  number  of  experiments  on  the  loss  of  strength  in  steel  plates  by 
punching,  viz.: 

For  i  inch  plate,  loss  of  strength 8  per  cent. 

"    3      •'         *'         '*  *'  ...   18       ** 

<(    1     ((         ((         ((  <«  ....  26       " 

((3<(  ((  ((  ((  ^  ^      Ofi  (< 

He  says  that  in  riveted  joints  subject  to  tensile  strain  the  holes 
should  be  drilled,  or,  if  punched,  should  be  reamed  or  annealed  after 
punching,  either  of  which  restores  the  lost  strength.  Iron  of  similar 
thickness  showed  about  equal  loss  by  punching. 

There  is  much  diversity  of  opinion  as  to  the  safe  working  load  of 
mild  steel  compared  to  wrought-iron.  All  admit  that,  being  much  more 
homogeneous  and  freer  from  flaws,  it  can  be  safely  loaded  with  a  work- 
ing load  much  nearer  to  its  elastic  limit.  Some  say  that  the  weight,  as 
compared  with  wrought-iron,  can  be  reduced  40  per  cent,  (while  the 
most  conservative  say  25  per  cent.),  and  have  a  stronger  and  more 
reliable  structure  of  steel  than  if  made  of  iron. 

The  Board  of  Trade  of  Great  Britain,  which  controls  the  construction 
of  all  railway  bridges,  limits  the  working  strain  in  tension  of  wrought- 
iron  to  5  and  steel  to  6|  tons  tensile  strain  per  square  inch — an  increase 
of  30  per  cent,  over  iron. 

Steel  can  be  manufactured  into  much  heavier,  consequently  longer 
and  wider,  pieces  than  wrought-iron .  I  have  been  offered  plates  ^  inch 
thick,  30  feet  long,  and  7  feet  wide.  Some  manufacturers  claim  their 
ability  to  roll  single  pieces  weighing  over  four  tons. 

Steel  rivets  are  used  on  the  Clyde  exclusively  in  riveting  steel,  giving 
entire  satisfaction,  and,  wherever  practicable,  are  driven  by  machinery. 

I  have  never  seen  any  statement  published  in  reference  to  the  expan- 
sion of  mild  steel  by  heat.  Mr.  F.  W.  Dick,  superintendent  of  the 
'*Blochairn  Steel  Works,"  Glasgow,  has  kindly  given  me  the  following 
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results  of  elaborate  experiments  made  by  him  to  test  the  practicability 
of  covering  wrought  and  cast-iron  guns  with  steel: 

Expansion  from  0°  centigrade  to  100°  centigrade. 

Mild  steel,  Siemens-Martin 00118 

Cast-iron 00111 

Wrought-iron 00121 

It  may  be  well  to  state  that  the  New  Forth  Bridge,  with  its  1  700  feet 
span,  is  being  built  of  mild  steel.  It  will  require  42  000  tons — all  manu- 
factured by  the  Siemens-Martin  process. 

The  oxydation  or  rusting  of  steel,  in  my  judgment,  has  not  been  satis- 
factorily tested.  Mr.  Parker,  chief  engineer  of  Lloyd's  Register,  tried 
a  number  of  experiments  upon  iron  and  steel  under  the  same  conditions, 
the  result  being  in  favor  of  steel. 

In  1881  the  Lloyd's  Register  had  under  inspection  1 100  steel  boilers. 
No  difference  was  found  between  iron  and  steel  in  rusting. 

The  foreign  as  well  as  the  domestic  market  is  very  much  depressed, 
and  the  tendency  is  for  still  lower  prices,  especially  in  the  foreign 
Siemens-Martin  steel,  owing  to  the  great  stagnation  in  shipbuilding.  At 
the  present  time  Siemens-Martin  steel,  to  stand  the  preceding  tests, 
could  be  laid  down  in  New  York,  freight,  duty  and  insurance  paid,  at  the 
following  prices,  viz. : 

Plates,  i  inch  and  over  in  thickness 03    cents  per  lb. 

Girders,  beams,  etc 03|      "  " 

For  a  large  order,  a  reduction  could  probably  be  obtained  from  these 
figures.  These  prices  are  much  lower  than  our  steel  manufacturers 
have  been  asking  for  this  quality  of  steel. 

The  use  of  mild  steel  is  extending  very  rapidly  in  Europe,  and  is  fast 
superseding  iron  for  structural  purposes.  Now  that  its  advantages  have 
become  known,  and  the  price  has  been  so  greatly  reduced,  even  below 
that  of  good  wrought-iron,  its  use  in  the  future  will  rapidly  extend. 


DISCUSSION   ON   STRUCTURAL   STEEL.  47 

DISCUSSION. 

F.  CoLLiNGWooD,  M.  Am.  Soc.  C.  E. — I  am  quite  surprised  to 
hear  this  statement  made,  that  there  is  a  tendency  to  reduce  the  standard 
rather  than  to  raise  it.  I  am  under  the  impression  that  the  scientific 
papers  have  been  urging  the  Board  of  Trade  of  Great  Britain  to  increase 
the  standard. 

Theodore  Cooper,  M.  Am.  Soc.  C.  E. — Some  four  years  ago  I  pre- 
sented a  paper  to  this  Society  upon  the  use  of  steel  for  bridges.  In  it  I 
tried  to  be  very  conservative  in  my  recommendations. 

If  I  were  to  rewrite  it  now  I  would  be  still  more  conservative.  I  am 
not  unaware  of  the  great  advances  that  have  been  made  in  its  applica- 
tion to  boilers  and  the  hulls  of  ships,  and  that  it  has  given  great  satis- 
faction in  this  direction. 

But  for  structures  that  come  more  particularly  under  the  civil 
engineer's  province — bridges,  viaducts  and  similar  structures — I  would 
prefer  at  present  the  old  stand-by,  good  wrought-iron.  For  the  follow- 
ing reason:  the  material  needed  for  bridge  purposes  is  not  yet  a  com- 
mercial article.  We  can  only  obtain  a  satisfactory  article  by  a  most 
rigid  inspection  and  at  a  great  expense  of  time  and  money  for  testing. 
The  steel  plates  used  for  boilers  and  ships  have  passed  through  this 
stage,  and  good  material  can  be  had.  But  no  one  who  valued  his  repu- 
tation would  accept  plates  for  these  purposes  except  from  makers  who 
have  developed  this  branch  of  steel-making  to  a  satisfactory  condition. 
This  must  yet  be  done  for  bridge  steel.  Where  the  circumstances 
would  justify  the  extra  expense,  I  should,  of  course,  aim  to  get  satis- 
factory steel. 

With  a  proper  inspection,  steel  tension  members  can  be  obtained  of 
a  superior  quality.  I  should,  however,  hesitate  to  use  them  without 
the  most  cautious  inspection;  for  the  defects  of  steel  are  not  as  evident 
to  simply  ocular  inspection  as  those  of  iron. 

For  compression  members,  I  have  yet  to  find  the  evidence  showing 
steel  to  be  as  strong  as  wrought-iron.  I  am  now  speaking  of  what  is 
called  mild  steel,  and  is  now  furnished  for  these  members.  We  have 
but  few  tests  of  the  compression  of  steel  members,  and  from  these  I 
can  only  draw  the  conclusion  that  steel  is  weaker  than  wrought-iron  for 
resisting  compressive  strains.  I  have  been  recently  informed  by  one  of 
our  members,  who  is  making  some  experiments  upon  steel  in  compres- 
sion, that  such  is  also  the  result  of  his   tests.      Therefore,  until  the 
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capacity  of  mild  steel  to  resist  compression  is  proved  to  be  superior  to 
iron,  I  prefer  to  use  the  older  material.  That  time  will  develop  a 
material  suited  to  bridge  purposes,  I  do  not  doubt.  But  I  do  believe  a 
more  rapid  advance  will  be  made  in  the  use  of  this  material  for  struc- 
tural purposes  by  goiDg  cautiously  rather  than  by  rushing  blindly  into 
the  use  of  steel  for  new  purposes,  without  careful  tests  and  inspection. 

We  may  not  be  able  to  say  positively  that  steel  is  weaker  than 
wrought- iron,  but  to  my  mind  the  tests  at  hand  tend  to  this  conclusion. 
I  know  there  are  large  structures  in  which  steel  has  been  proportioned 
for  strains  in  compression  from  14  000  to  18  000  pounds  per  square  inch. 
If  such  strains  must  be  used,  I  should,  from  all  the  evidence  we  have 
at  present,  prefer  to  use  wrought-iron.  In  other  words,  it  has  not  been 
proven  that  we  can  use  steel  in  compression,  with  safety,  to  any  higher 
strain  than  we  can  wrought-iron. 

M.  N.  FoENEY,  M.  Am.  Soc.  C.  E  .—It  may  be  interesting,  perhaps, 
to  members  to  know  something  of  the  extent  to  which  steel  is  used  in 
the  construction  of  railroad  machinery.  I  will  not  attempt  to  refute 
what  Mr.  Cooper  has  said  regarding  its  use  for  bridges,  but  in  the  matter 
of  rails,  it  may  safely  be  stated  that  an  order  for  iron  rails  will  soon  be 
a  curiosity.  Steel  is  supplanting  iron  entirely  in  the  use  of  tires  for 
locomotive  and  car  wheels.  There  are  no  wrought-iron  tires  made  at 
present. 

The  struggle  in  this  country  has  been  between  cast-iron  and  steel 
tired  wheels.  We  have  in  steel  a  material  which  has  a  great  capacity 
for  resistance  to  wear,  and  in  some  qualities  of  cast-iron  we  have  a 
material  which  can  be  chilled  so  as  to  produce  a  surface  as  hard  as  the 
hardest  steel,  so  that  the  tread  of  the  wheel  is  adapted  to  withstand  a 
large  amount  of  wear.  Besides  this  advantage,  such  wheels  can  be 
produced  at  lower  prices  than  steel  tired  wheels,  and  will  give  a  service 
of  from  50  000  to  70  000  miles. 

I  have  had  occasion  not  long  since  to  look  up  the  number  of  acci- 
dents from  the  breaking  of  wheels,  and  it  is  astonishing  to  find  the  large 
proportion  of  accidents  in  this  country  which  may  be  attributed  to  that 
cause.  In  the  record  published  in  the  Railroad  Gazette  there  were  re- 
ported during  the  past  five  years  in  this  country  a  little  over  5  000 
accidents,  while  the  British  Board  of  Trade  reported  about  the  same 
number.  In  this  country  66  per  cent,  of  the  accidents  are  due  to  derail- 
ment, whereas  only  8  per  cent,  are  due  to  the  same  cause  in  England. 
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There  are  no  statistics  about  the  breakage  of  the  wheels  here,  but  more 
than  one  thousand  broke  last  winter  on  one  road.  The  immense 
number  of  broken  cast-iron  wheels  naturally  has  led  to  a  great  deal  of 
uneasiness  among  railroad  managers,  and  the  tendency  has  been  to  sup- 
plant cast-iron  wheels  with  steel  tires,  because  the  latter  are  not  so 
liable  to  breakage.  I  will  add  that  the  frequent  breakage  of  wheels  and 
the  large  number  of  derailments  are  due  to  a  very  considerable  extent  to 
the  disgraceful  condition  of  the  gauge  of  the  wheels  and  the  track  in 
this  country.  It  seems  as  though  each  track  superintendent  lays  the 
track  to  suit  his  own  fancy.  Every  engineer  who  has  occasion  to  have  a 
rail  rolled  makes  a  new  pattern  which  he  thinks  about  right.  Owing  to 
the  fact  that  so  many  accidents  are  due  to  broken  wheels,  the  use  of 
steel  tires  is  at  the  present  time  gaining  rapidly  over  cast-iron. 

For  axles  it  is  doubtful  whether  wrought-iron  or  steel  gives  best 
results.  In  Europe  the  fire-boxes  of  locomotives  are  made  of  copper. 
It  was  so  in  this  country  twenty-five  years  ago,  but  at  the  present  time  a 
copper  fire-box  is  a  great  curiosity  here.  I  do  not  know  of  one  in  the 
whole  country.  Locomotive  boilers  are  very  generally  made  of  steel. 
So  are  piston-rods  and  connecting  rods,  which  are  subject  to  alternate 
strains  of  tension  and  compression.  Crank  pins,  slide  bars,  links,  and 
many  other  parts  are  now  all  made  of  steel;  so  that,  though  what  Mr. 
Cooper  says  in  regard  to  the  use  of  steel  may  be  true  of  bridges,  it  does 
not  hold  good  regarding  the  use  of  steel  for  machinery.  It  is  rapidly 
supplanting  cast-iron  in  many  cases,  and  wrought-iron  entirely  in 
others. 

Theodore  Cooper,  M,  Am.  Soc.  C.  E. — With  regard  to  what  Mr. 
Forney  says  about  rails,  tires  and  the  parts  of  the  locomotive,  it  must 
be  borne  in  mind  that  each  of  these  requires  a  special  quality  of  steel. 
Also  that  the  processes  of  manufacturing  rails  and  tires  have  been  special 
branches  of  manufacture,  devoted  to  developing  the  proper  material  and 
manipulations  to  obtain  the  best  results. 

The  sections  of  a  steel  rail  or  a  tire  are  uniform  throughout,  and  all 
work  is  done  upon  them  at  a  uniform  and  high  temperature.  The 
material  in  them  gives  excellent  results  as  long  as  we  do  not  have  to 
punch  or  break  the  uniformity  of  the  section. 

For  the  parts  of  the  locomotive  a  different  kind  of  steel  from  any  of 
the  above  is  used,  and  I  doubt  if  the  best  results  can  be  obtained  from 
any  other  than  crucible  steel . 
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M.  N.  FoKNEY,  M.  Am.  Soc.  C.  E. — In  regard  to  the  locomotive, 
the  plates  are  exposed  to  the  most  violent  changes  of  temperature,  from 
the  greatest  heat  to  the  injection  of  cold  water  into  the  boiler.  A  long 
while  ago  the  use  of  steel  in  fire-boxes  very  nearly  came  to  be  abandoned. 
On  the  Illinois  Central  the  train  men  threw  a  steel  plate  from  a  box  car 
on  to  the  platform,  and  it  broke  io  pieces.  In  one  case  on  the  Lake 
Shore  Road  the  fire-box  went  off  with  a  report  like  a  musket.  The 
plates  would  crack  suddenly  with  a  loud  report.  Another  curious  fact 
was  that  the  cracks  existed  on  the  side  of  the  fire-box.  These  facts 
came  very  near  leading  to  the  abandonment  of  steel.  In  this  country, 
when  the  manufacturers  understood  the  difficulty  as  to  the  steel  for  fire- 
boxes, they  were  able  to  keep  it  within  limits. 

It  seems  to  me  that  in  the  use  of  steel  for  bridges,  if  a  difficulty  exist, 
and  it  is  brought  to  the  attention  of  the  manufacturers,  they  ought  to 
be  able  to  produce  a  steel  that  will  contain  the  qualities  necessary  for 
such  purposes. 

Mr.  Cooper. — I  think  they  will  in  time. 

E.  B.  DoRSEY,  M.  Am.  Soc.  C.  E. — I  agree  fully  with  Mr.  Cooper, 
that  it  is  important  that  engineers  should  know  more  of  the  behavior  of 
steel  under  compression,  and  that  the  experiments  made  public  on  this 
point  are  very  few,  and,  generally,  on  too  small  a  scale  to  be  reliable; 
for  this  reason  I  regret  very  much  that  Mr.  Cooper  did  not  give  us  the 
experiments  upon  which  he  bases  his  conclusions. 

My  investigations  were  confined  entirely  to  finding  the  best  metal — 
wro,uglit-iron  or  mild  steel — for  resisting  tensile  strain,  and  not  for  com- 
pression. 

Mr.  B.  Baker,  of  Baker  &  Fowler,  the  engineers  of  the  New  Forth 
Bridge,  in  a  paper  published  in  the  Engineering  for  September  8th,  1882, 
page  230,  says: 

* '  The  author's  experiments  conclusively  prove  that  steel  is  far 
superior  to  iron  as  a  material  for  struts,  though  the  superiority  is  not  so 
great  as  when  tension  members  are  in  question.  Thus  the  Forth  Bridge 
struts  will  be  from  30  to  40  per  cent,  stronger  in  steel  than  in  iron, 
whilst  the  tension  members  will  be  about  50  per  cent,  stronger.  It  does 
not  follow  that  the  steel  strut  would  not  be  50  per  cent,  better  also  as 
regards  actual  work,  which  is  very  different  to  what  takes  place  in  a 
testing  machine.  A  steel  or  an  iron  rail,  tested  for  transverse  strength 
in  a  machine,  will,  as  a  rule,  bend  many  inches,  and  fail  by  distortion  of 
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the  head  under  the  compressive  stress.  In  actual  work  hundreds  of 
such  rails  break,  but  it  is  the  tensile  and  not  the  compressive  stress 
which  causes  the  failure,  and  there  is  no  distortion  of  the  head  as  in  the 
testing  machine.  Similarly,  when  riveted  girders  break  under  traffic,  it 
is  not  the  top  flanges  with  a  calculated  stress  on  the  average  of  about 
one-third  of  the  ultimate  resistance  that  give  way,  but  the  bottom  mem- 
bers, where  the  calculated  stress  is  only  about  one-fourth  of  the  ultimate 
resistance.  In  short,  the  universal  experience  is  that  fatigue  is  far  more 
injurious  to  iron  or  steel  under  tensile  than  under  compressive  stress, 
and  it  follows  that  the  factor  of  safety  should  not  be  the  same  in  the  two 
cases.  This  is  quite  consistent  with  ordinary  practice,  for  probably  the 
majority  of  girder  bridges  in  this  country  have  equal-sized  top  and  bot- 
tom flanges,  which,  after  allowing  for  the  riveting,  would  give  a  factor 
of  about  3  for  the  compression  and  about  4  for  the  tension  members, 
respectively. 

"  The  peculiarities  of  steel  are  tolerably  well  understood  now,  and, 
amongst  other  precautions,  it  is  especially  desirable  to  so  design  the 
joints  in  tension  that  no  tearing  action  shall  be  set  up  along  a  line  of 
rivet  holes.  Accidents  of  workmanship  necessitate  the  provision  of  a 
good  factor  of  safety  in  steel  joints  in  tension;  but,  after  watching  the 
testing  of  many  steel  tubes  under  compression,  the  author  cannot  con- 
ceive any  accident  of  workmanship  which  could  bring  about  the  failure 
of  steel  tubes  such  as  those  in  the  Forth  Bridge,  even  if  the  working 
stress  was  raised  to  two-thirds  instead  of  about  one-fourth  of  the 
ultimate  resistance.  In  fine,  he  believes  a  steel  tube  to  be  the  most 
trustworthy  member  which  could  be  introduced  into  a  great  and 
unprecedented  work." 

Unfortunately,  he  does  not  mention  or  describe  in  detail  his  experi- 
ments, so  that  we  can  form  our  own  conclusions,  but  we  must  judge 
that  before  he  and  his  associates  decided  to  build  this  unprecedented 
cantilever  bridge  all  of  steel,  with  two  spans  of  1  700  feet  each,  the  ex- 
periments must  have  been  very  thorough  and  on  a  very  large  scale. 

This  is  a  very  important  subject,  and  I  think  the  Society  would  do 
well  to  invite  more  discussion  upon  it. 

It  is  probable  the  use  of  steel  in  the  near  future  in  structural  works 
will  be  very  large,  especially  in  railroad  bridges;  it  is  very  important  to 
all  that  its  qualities  under  compression  in  large  working  pieces  should 
be  better  understood. 
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This  Society  should  urge  upon  our  Government  to  make  a  liberal 
appropriation  to  have  these  tests  made  at  the  Watertown  Arsenal,  as  the 
testing  machine  there  is  the  only  one  available  in  the  United  States  of 
sufficient  capacity  to  make  these  tests  on  large  pieces  such  as  are  used  in 
bridges  or  other  large  structural  works.  The  few  tests  that  have-  been 
made  show  that  large  pieces  are  much  weaker  in  proportion  than  small 
ones. 

Every  traveler  who  crosses  a  bridge  in  a  railroad  car  is  interested  in 
these  tests. 

Our  Government  is  spending  millions  of  dollars  in  building  men  of 
war  of  steel,  without  knowing  how  it  will  act  under  compression — its 
action  under  tension  is  well  understood.  It  is  probable  that  hundreds 
of  thousands  of  dollars  could  have  been  saved  if  these  proposed  tests 
had  been  made  before  the  contracts  were  let,  and  that  the  ships  would 
have  been  better. 
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WITH    DISCUSSION. 


To  the  American  Society  of  Civil  Engineers : 

Your  Committee,  appointed  to  devise  a  uniform  system  for  tests  of 
cement,  respectfully  submits  the  following  preliminary  report. 

In  response  to  the  request  of  the  Secretary  of  the  Society,  made  last 
year,  samples  of  mortar  sand  have  been  received  by  the  chairman  of  said 

♦This  paper  was  presented  by  the  Committee  at  the  Annual  Meeting  as  a  preliminary 
report,  and  was  accepted  as  such  by  vote  of  the  meeting,  the  Committee  being  continued. 
The  Committee  was  as  follows  :  Messrs.  D.  J.  Whittemore,  J.  Herbert  Shedd,  Q.  A.  Gillmore, 
Alfred  Noble,  F.  O.  Norton,  W.  W.  Maclay,  Eliot  C.  Clarke. 
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Committee,  kindly  sent  by  members  from  localities  indicated  in  an  ap- 
pendix to  this  report. 

It  will  be  observed  that  no  samples  have  been  received  from  the  Pa- 
cific slope  or  from  Canada. 

The  purpose  of  the  Committee  in  making  this  collection  is  that  a 
standard  sand  may  be  found  in  deposits  somewhat  widely  distributed 
over  this  continent,  that  will  give  uniform  results  in  mortar  tests;  there- 
fore it  is  quite  desirable  to  secure  typical  sands  from  regions  not  covered 
by  the  samples  received,  before  commencing  any  mortar  tests  of  the 
sands  at  present  collected. 

Bearing  in  mind  the  labor  and  time  necessary  to  make  such  collection 
and  examination,  we  feel  that  it  is  due  the  Society  that  a  mode  of  testing 
should  be  formulated  and  recommended  for  adoption,  without  further 
delay,  as  follows  : 

I. — In  selecting  samples  of  cement  for  experimental  purposes,  take 
the  same  from  the  interior  of  original  packages  at  sufficient  depth  to 
insure  a  fair  exponent  of  quality,  and  store  the  same  in  tightly  closed 
receptacles  impervious  to  light  or  dampness  until  required  for  manipu- 
lation, when  each  sample  of  cement  should  be  thoroughly  mixed  by 
sifting  or  otherwise,  that  it  may  be  uniform  in  character  throughout  its 
mass. 

II. — Ascertain  the  per  cent,  by  weight  of  each  sample  that  is  rejected 
by  sieves  of  2  500,  5  476  and  10  000  meshes  to  the  square  inch  respect- 
ively, the  first  mentioned  sieve  being  of  No.  35,  the  second  of  No.  37, 
and  the  third  of  No.  40  wire  gauge. 

III.— For  tests  of  mortar  composed  in  part  of  sand,  the  sand  should 
be  sharp,  well  washed  and  dried,  rejecting  all  that  will  not  pass  the  sieve 
of  400  meshes  to  the  square  inch,  and  that  will  pass  a  sieve  of  900  meshes 
to  the  square  inch;  the  wire  gauge  of  the  former  sieve  to  be  No.  24,  and 
of  the  latter  No.  28. 

IV. — The  proportion  of  sand  for  mortar  of  each  briquette  should  be 
carefully  determined  by  weight,  and  thoroughly  and  intimately  mixed 
with  the  cement  in  a  dry  state  before  water  is  added,  and,  so  far  as  pos- 
sible, all  the  water  of  mixture  should  be  added  at  once  that  is  necessary 
to  produce  the  desired  consistency  of  the  resulting  mortar,  and  thereafter 
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the  manipulation  by  the  spatula  or  trowel  should  be  rapid  and  thorough, 
and  care  should  be  taken  to  introduce  the  mass  into  the  molds  and  com- 
plete the  molding  process  before  incipient  setting  begins. 

V, — Ordinary  fresh  and  clean  water  having  a  temperature  acquired 
when  exposed  in  open  vessels  in  an  atmosphere  ranging  between  60^  and 
70°  Fah.  should  be  used  for  water  of  mixture  and  immersion  of  molded 
samples. 

VI. — For  determination  of  strength,  tensile  tests  are  recommended; 
and  the  form  and  size  of  briquettes  and  clips  to  be  used,  shown  by  the 
Plates  XVI  and  XVII,  are  thought  proper  for  this  purpose. 

VII. — It  is  desirable  that  the  bulk  of  given  weights  of  cements  be 
ascertained,  and  the  following  method  is  recommended  for  that  purpose: 
Procure  a  cylinder  six  inches  long,  having  an  interior  section  equal  to 
an  area  of  two  square  inches.  Sifting  the  cement  to  be  measured  so 
that  it  may  not  be  compact,  weigh  carefully  5  ounces  if  of  Portland 
cement,  and  4  ounces  if  of  American  hydraulic  cement,  and  pour  the 
same  into  the  cylinder,  which  should  stand  upright  with  its  lower  end 
resting  upon  a  close-fitting  and  suitable  base;  then,  without  shock  or 
sudden  impact,  lower  a  closely  fitting  piston,  moving  without  friction, 
slowly  down  the  cylinder  on  to  the  cement,  said  piston  and  its  attach- 
ments to  weigh  exactly  50  pounds.  After  resting  thereon  for  one 
minute,  remove  the  same  and  ascertain  the  bulk  of  cement  thus  com- 
pressed. When  sand  is  used  in  the  fabrication  of  mortars,  ascertain 
the  weight  of  an  equal  bulk  of  sand  to  that  of  the  cement  used  in  con- 
nection therewith,  said  sand  to  be  shaken  until  its  bulk  remains  un- 
changed before  weighing. 

VIII. — In  applying  stress  on  briquettes,  do  not  allow  in  the  com- 
mencement a  strain  to  exceed  one-half  the  estimated  breaking  strength 
of  the  best  piece,  and  thereafter  increase  the  same  regularly  at  the  rate 
of  about  200  pounds  per  minute  until  rupture  takes  place.  If  it  is  de- 
sired to  compare  the  strengths  of  cement  broken  by  different  testing 
machines,  it  is  recommended  to  compare  the  machines  themselves  by 
breaking  similar  lots  of  briquettes  on  each,  in  order  to  determine  their 
peculiar  dififerences. 
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IX.— For  Portland  cement  tests,  the  following  method  is  recom- 
mended: Take  enough  cement  to  make  five  briquettes,  1  part  cement, 
3  parts  sand,  by  weight;  ten  briquettes  of  neat  cement  and  two  cakes  of 
neat  cement  2  or  3  inches  in  diameter,  about  J  inch  thick,  with  thin 
edges. 

X. — Note  the  time  in  minutes  that  these  cakes,  when  mixed  with 
water  to  the  consistency  of  a  stiff  plastic  mortar,  take  to  set  hard  enough 
to  stand  the  wire  test  recommended  by  Gen.  Gillmore,  viz.:  1^2 -inch  di- 
ameter wire  loaded  with  :^  of  a  pound,  and  o^-inch  diameter  wire  loaded 
with  1  pound.  One  of  these  cakes,  when  hard  enough,  should  be  put 
in  water  and  examined  from  day  to  day  to  see  if  it  becomes  contorted  or 
if  cracks  show  themselves  at  the  edges.  This  is  the  test  to  show  if  the 
cement  remains  constant  in  volume,  and  is  very  important.  The  remain- 
ing cake  should  be  kept  in  the  air  and  its  color  observed,  which  for  a 
good  cement  should  be  a  uniform  bluish  gray  throughout,  yellowish 
blotches  indicating  poor  cement.  The  color  of  the  cement  when  left 
in  the  air  indicates  the  quality  much  better  than  when  the  cement  is  put 
in  water. 

XL — Make  five  briquettes  composed  of  1  part  of  cement  and  3  parts 
of  sand  (by  weight).  Also  make  ten  briquettes  of  neat  cement;  the  molds 
in  each  instance,  while  being  charged  and  manipulated,  to  be  laid  di- 
rectly on  glass,  or  slate,  or  some  other  non-absorbent  material. 

XII. — The  proportion  of  water,  by  weight,  for  the  neat  cement 
should  be  from  20  to  25  per  cent,  or  more,  according  to  the  fineness,  age 
or  other  condition  of  the  cement  and  the  temperature  of  the  air. 

XIII. — The  desired  mixture  is  a  stiff  plastic  mortar,  and  when 
reached  under  certain  conditions,  a  very  slight  addition  of  water  will 
sensibly  diminish  the  tensile  strength,  especially  for  the  seven-day  test. 
As  the  age  of  the  briquettes  increases,  the  injurious  effect  of  too  much 
water  in  gauging  is  less  marked.  When  gauged,  1  part  cement  to  3 
parts  sand,  by  weight,  the  water  required  should  not  vary  much  from  10 
per  cent,  of  the  combined  weight  of  the  cement  and  sand. 

Xiy. — The  molds,  when  filled,  should  be  pressed  down  firmly  and 
struck  off  level;  uniformity  in  this  operation  can  only  be  obtained  by 
practice.  A  damp  cloth  should  be  kept  over  the  briquettes  until  they  are 
hard  enough  to  immerse  in  water. 
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XV.— The  molds  should  be  removed  when  the  briquettes  are  hard 
enough  to  stand  it;  and  for  the  sake  of  uniformity,  the  briquettes,  both  of 
neat  cement  and  mixed  with  sand,  should  be  immersed  in  water  at  the 
end  of  24  hours. 

XVI.  — The  briquettes  should  always  be  put  in  the  testing  machine 
and  broken  immediately  after  being  taken  out  of  the  water,  and  the  tem- 
perature of  the  briquettes  and  of  the  testing  room  should  be  constant 
between  60°  and  70°  Fah. 

XVII.  —Half  the  neat  cement  briquettes  should  be  broken  at  the  end 
of  7  days  and  28  days  respectively,  and  all  the  briquettes  gauged,  1  part 
cement  and  3  parts  sand,  should  be  broken  at  the  end  of  28  days,  in  order 
to  determine  the  tensile  strength  of  each  from  the  average  of  five  break- 
ings. 

XVIII.  — For  making  tests  of  American  hydraulic  cements,  the  fol- 
lowing method  is  advised — using  the  standard  mold  and  clutch  advised 
for  Portland  cement  tests: 

Take  enough  cement  to  make  ten  briquettes  of  neat  cement,  five 
briquettes  1  part  of  neat  cement  and  1  part  of  sand,  by  weight,  and  two 
cakes  of  neat  cement,  2  or  3  inches  in  diameter,  about  ^  inch  thick,  with 
thin  edges. 

XIX. — Treat  and  observe  the  two  cakes  the  same  as  for  Portland 
cement;  the  cake  kept  in  the  air  will  be  of  a  uniform  color  for  a  good 
cement,  light  or  dark,  according  to  the  character  of  the  rock  from 
which  the  cement  is  made. 

XX. — Make  five  briquettes  composed  of  equal  parts,  by  weight,  of 
cement  and  sand,  the  molds  being  laid  directly  on  glass,  slate,  or  some 
other  non-absorbent  material  during  molding. 

Also  make  ten  briquettes  of  neat  cement,  using  only  sufficient  water 
to  make  a  stiff  plastic  mortar  (the  molds  being  laid  on  glass,  or  slate,  as 
before  stated),  and  when  filled  to  be  pressed  down  forcibly  and  struck  off 
level,  and  otherwise  treated  as  specified  for  Portland  cement  until  im- 
mersed in  water,  which  immersion  should  take  place  as  soon  as  removed 
from  the  molds. 
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XXI. — The  briquettes  should  always  be  put  in  the  testing  machine 
and  broken  immediately  after  removal  from  the  water,  and  the  tempera- 
ture of  the  briquettes  and  of  the  testing  room  should  not  exceed  70°  nor 
be  below  60°  Fah. 

XXII. — Half  of  the  neat  cement  briquettes  should  be  broken  at  the 
end  of  24  hours,  and  the  remainder  at  the  end  of  28  days,  and  all  the 
briquettes  composed  of  equal  parts  of  sand  and  cement  at  the  end  of  28 
days,  and  from  these  results  the  average  strength  to  be  determined  in 
each  series  of  tests. 

XXin. — Admitting  the  desirability  and  value  of  the  24-hour  tests  of 
neat  cement  briquettes,  we  esteem  of  still  more  value  the  28-day  tests  of 
similar  briquettes  in  connection  therewith,  as  showing  continued  activity 
and  as  affording  an  index  of  ultimate  energy. 


KEPORT   OF   COMMITTEE   ON   TESTS   OF   CEMEXT. 


61 


APPENDIX. 

Statement  of  Samples  of   Sand   Received   fkom  Localities  and 

Persons  indicated. 


r 


Number 

OF 

Samples, 


18 
2 
6 
4 


1 
4 
1 
3 
1 
1 
3 
2 
1 
5 


Wm.  P.  Judson. 
0.  H.  Latrobe. 
W.  F.  Foster. 
H.  Bissell. 

A.  Anderson. 

S.  L.  Smedley. 
D.  E.  McComb. 
T.  H.  Moorhead. 
A.  Noble. 
John  Whitelaw. 
Knight  &  Bontecou. 
S.  F.  Lewis. 
J.  P.  Allen. 
Robert  Moore. 
0.  F.  Loweth. 

J.  H.  Cunningham. 


Locality  Taken  From. 


South  shore  of  Lake  Ontario. 

Baltimore,  Md. 

Near  Nashville,  Tenn. 

Newburyport  and  Lynnfield,  Mass., 
and  North  Conway,  N.  H. 

Lake     Superior    and    Yellowstone 
River. 

Philadelphia,  Pa. 

Washington,  D.  C. 

Jacksonville,  Fla. 

Sault  Ste.  Marie,  Mich. 

Cleveland,  O. 

Kansas  City,  Mo. 

Near  Lake  Pontchartrain,  La. 

Charleston,  S.  C. 

Mississippi  River,  near  St.  Louis. 

Raccoon  River,  near  Des  Moines, 
la. 

Standard  sand  used  by  J.  Grant,  M. 
Inst.  C.  E.,  London,  Eng. 


In  addition  to  this  list  of  sands,  the  Chairman  has  collected  samples 
from  Wisconsin  and  adjoining  States. 
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DISCUSSION. 

F.  CoLiiiNGWOOD,  M.  Am.  Soc.  C.  E.— The  very  careful  method,  de- 
scribed in  the  report,  of  measuring  struck  me.  There  is  one  point 
that  might  not  have  been  thought  of;  that  is,  the  humidity  of  the 
material.  We  know  that  cement  does  absorb  moisture.  It  may  be 
sifted  very  finely,  it  may  be  measured  carefully,  and  yet  have  a  different 
weight  for  the  same  amount  of  material,  unless  the  state  of  humidity  was 
taken  into  account.  I  do  not  think  that  in  this  preliminary  report  that 
point  was  touched  upon.  I  do  not  see  how  an  exact  weight  could  be 
secured,  even  by  the  careful  method  described,  if  humidity  is  not  taken 
into  account.  Unless  we  get  the  specimen  correctly  into  the  machine, 
we  do  not  get  the  correct  result.  That  is  a  point  that  ought  to  be  care- 
fully attended  to. 

D.  J.  Whittemoke,  President  Am.  Soc.  C.  E. — In  the  preliminary 
paragraph  of  the  report,  a  method  of  selecting  samples  is  described ; 
taking  them  from  the  interior  of  the  packages,  putting  them  in  closed 
boxes,  away  from  light,  and  keeping  them  until  manipulation  takes  place. 
As  to  the  form  of  briquette  given  in  this  preliminary  report,  it  is  substan- 
tially that  recommended  by  Mr.  John  Grant,  M.  Inst.  C.  E.,  of  London, 
which  he  has  found  to  be  the  one  that  gives  the  most  uniform  results. 
At  the  last  Annual  Convention,  it  may  be  remembered  that  I  presented  a 
machine  for  eliminating  cross  strains  in  testing  cements.  While  it  does 
that  work,  it  also  does  away  largely  with  the  personal  equation  in  the 
matter  of  manipulation.  The  machine  is  one  of  considerable  expense. 
I  should  like  to  see  it  adopted,  but  I  take  a  common-sense  view  of  the 
matter.  I  think  it  would  require  a  man  of  intelligence  for  the  manipu- 
lator, and  it  would  require  a  considerable  expense  in  its  manufacture. 
Looking  through  the  experiments  of  Grant  for  the  last  few  years,  I  find 
that  he  brings  the  average  variation  down  almost  to  the  figure  I  get  for 
mine,  so  I  very  willingly  conceded  that  the  form  of  briquette  mold  re- 
ferred to  in  the  report  should  be  recommended.  I  should  be  very  glad 
to  see  the  Society  adopt  that  in  lieu  of  the  one  I  brought  forward  some 
years  ago.  The  subject  is  not  brought  out  in  the  report,  but  by  exami- 
nation of  the  drawing  you  will  see  that  the  later  ideas  as  to  the  form  are 
fully  covered  by  it. 

James  Owen,  M.  Am.  Soc.  0.  E. — There  is  one  point  that  has  been 
developed  in  my  experience,  and  that  is  in  the  manipulation  of  the  ma- 
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terial  itself.  I  found  in  many  cases  the  available  sectional  area  was 
reduced  from  the  fact  of  bubbles  being  inside  the  cement ;  and  the  only 
way  I  could  get  rid  of  them  was  to  work  the  cement  industriously  to  get 
them  out ;  and  when  I  got  them  out,  I  knew  that  the  whole  sectional 
area  was  solid  material. 

Eliot  C.  Clarke,  M.  Am.  Soc.  C.  E. — I  would  say  on  the  part  of 
the  Committee,  and  certainly  on  the  part  of  one  member  of  it,  that 
the  Committee  would  be  happy  to  receive  suggestions  from  members  of 
the  Society  who  are  familiar  with  the  practice  of  testing  cement,  as  to  what 
they  consider  important  in  making  tests.  There  are  a  great  many  points 
in  regard  to  testing  cement  we  have  simply  given,  but  which  are  almost 
impracticable  for  use  by  engineers  in  general,  who  want  to  test  cement  in 
places  where  they  have  not  much  time  ;  they  want  to  get  an  idea  of 
whether  their  cement  is  good  or  not,  and  have  not  time  to  go  into  all  the 
minute  careful  manipulation  that  would  be  practicable  in  the  laboratory, 
but  which  is  not  practicable  in  the  ordinary  engineer's  office,  or  in  the 
field.  In  making  this  report  we  have  to  compromise  between  niceness 
of  test,  and  what  is  practicable  for  engineers  to  do. 

Our  members  may  have  noticed  that  the  density  of  the  mixture  is 
left  in  our  report  to  the  manipulator.  He  makes  a  stiff,  plastic  mortar. 
One  can  get  a  more  uniform  result  by  pressing  the  mortar  into  the 
molds  by  certain  known  pressures  and  weights.  I  have  done  that  my- 
self, by  having  a  machine  for  pressing  the  mortar  in  with  a  certain 
definite  pressure  and  weight;  but  it  took  so  long  that  I  should  consider 
it  impracticable  for  ordinary  testing  such  as  engineers  have  to  do. 

F.  CoLLiNGwooD,  M.  Am,  Soc.  C.  E. — There  are  two  things  we  want 
to  determine  by  this  investigation  :  not  only  the  practical  methods,  but 
also  the  theoretical.  We  know  there  has  been  a  great  diversity  of 
opinion,  and  no  two  experimenters  have  been  able  to  arrive  at  the  same 
results,  and  the  differences  are  due,  even  where  they  have  been  careful, 
to  differences  in  method,  and  to  neglect  of  little  things  which  have  been 
enough  to  cause  decided  differences  in  the  result.  That  is  important  as 
a  means  of  judging  accurately  of  various  cements.  We  might  find  it 
desirable  to  make  a  few  such  experiments  if  we  are  going  to  take  a  large 
contract  for  cement.  I  take  it  we  have  to  distinguish  between  those 
two  ideas. 

J.  J.  R.  Croes,  M.  Am.  Soc.  C.  E. — One  suggestion  made  by  the 
Committee  seems  to  me  a  very  important  one;  that  is,  ^that  the  test 
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should  be  made  when  the  cement  has  stood  for  a  much  longer  time  than 
24  hours.  I  had  a  case  a  few  days  ago  of  a  cement  that  was  sent  to  me 
to  be  tested.  The  briquettes  were  made  up,  exposed  30  minutes  in  air,  24 
hours  in  water,  and  broke  at  125  pounds  per  square  inch.  The  cement 
looked  very  good.  Those  briquettes  were  lying  in  the  office  for  five  or 
six  days,  and  at  the  end  of  that  time  the  broken  pieces  were  put  in  water, 
and  they  began  to  crumble,  and  within  48  hours  they  had  all  gone  to 
pieces.  But  the  cement  was,  apparently,  on  the  24-hour  test,  perfectly 
good,  and  perfectly  good  at  the  time  it  was  put  in  the  water,  at  least 
a  week  after  the  test  was  made;  but  it  went  to  pieces  within  48  hours. 

D.  J.  Whittemoke,  President  Am.  Soc.  C.  E. — The  point  made  by 
Mr.  Collingwood,  I  think,  is  well  taken  as  to  something  more  definite 
than  the  usual  method  of  testing  cement,  being  applied,  perhaps,  only 
occasionally,  however.  That  might  involve  the  Committee  in  devising 
methods  for  laboratory  experiments,  which,  I  think,  the  resolution  hardly 
contemplated.  In  case  anything  of  that  kind  should  be  contemplated, 
then  I  think  the  wording  of  the  report — in  fact,  the  whole  report- 
would  be  changed  and  made  much  more  voluminous. 

James  Owen,  M.  Am.  Soc.  C.  E. — The  great  trouble  I  have  found  is 
in  getting  a  good  standard,  which  can  be  referred  to  with  assurance.  In 
works  where  one  wants  to  have  good  cement,  where  it  is  stated  that  such 
or  such  is  not  good,  it  leads  to  an  endless  controversy.  It  seems  to  me 
that  the  idea  of  having  the  Committee  prepare  proper  standard  methods 
of  testing  for  general  work  is  a  good  thing. 

William  E.  Wokthen,  M.  Am.  Soc.  C.  E.  — I  have  had  occasion  some- 
times to  use  a  cement  that  is  not  quick-setting,  and  I  put  plaster  of  Paris 
with  my  cement.  I  told  the  men  to  put  in  plaster  of  Paris  where  there 
was  a  wet  bottom  and  make  a  concrete,  and  it  made  a  very  hard  cement . 

Eliot  Clarke,  M.  Am.  Soc.  C.  E . — You  can  mix  cement  with  almost 
anything.  I  have  used  on  the  improved  sewerage  work  in  Boston  all 
kinds  of  cement — the  American  cement,  the  Roman  cement,  the  Portland 
cement — and  mixed  them  altogether.  If  we  want  a  quick-setting  cement, 
we  make  it  as  quick-setting  as  we  want  it,  by  mixing  it  with  the  Roman 
cement.  Sometimes  we  mix  clay  with  it,  and  sometimes  grease.  The 
grease  destroys  the  strength  somewhat,  but  still  it  has  some  strength. 
We  find  we  can  mix  cement  with  almost  anything,  and  different  kinds  of 
cement  together. 

D.  J.  Whittemoke,  President  Am.'  Soc.  C.  E. — I  should  hardly  think 
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that  the  use  of  grease  is  entirely  new  in  the  use  of  cement.  I  under- 
stand that  the  ancients  used  olive  oil  and  hog  fat  in  the  cement^^used  to 
line  their  aqueducts. 

William  E.  Worthen,  M.  Am.  Soc.  C.  E. — I  am  still  laying  cement 
in  the  way  I  referred  to,  and  I  am  satisfied  it  is  going  to  be  good.  I  put 
in  lime  enough  to  warm  it,  and  I  never  had  any  trouble  with  it .  I  laid 
at  Long  Island  City  a  dome  50  feet  in  diameter,  and  about  25  feet  rise, 
without  a  centre,  in  the  middle  of  December,  and  put  about  one-third  of 
lime  with  it,  and  to  this  day  it  stands  there,  in  good  condition.  It  has 
been  there  many  years.  That  is  a  pretty  large  proportion,  but  it  was 
pretty  cold  weather  when  the  work  was  done. 

D.  J.  Whittemore,  President  Am.  Soc.  C.  E. — The  relative  import- 
ance of  the  two  cements,  the  American  hydraulic  cement  and  the  Port- 
land cement,  might  as  well  be  brought  out  at  this  meeting.  I  am  placed 
in  a  position  to  assert  pretty  confidently  that  the  amount  of  American 
hydraulic  cement  annually  used  in  this  country  this  side  of  Buffalo  is 
nearly  two  million  barrels;  that  made  on  the  other  side  amounts  to 
about  li  million  barrels  a  year.  The  amount  of  Portland  cement  used 
in  this  country  is,  as  you  know,  very  much  less  than  that;  that  is  to  say, 
perhaps  half  a  million  barrels  would  cover  the  entire  annual  consump- 
tion of  Portland  cement  on  this  continent  at  the  present  time.  So  when 
we  are  devising  methods  for  testing  cement,  we  want  to  bear  in  mind 
what  a  very  large  proportion  of  the  cement  used  is  the  product  of  our 
own  country. 

The  following  communication  was  read  : 

J.  Albert  Monroe,  M.Am.  Soc.  C.  E.  (through  the  Secretary).— I 
desire  to  lay  before  the  Society  the  following  statement  of  facts,  and  pro- 
pound the  question— why  was  it  ? 

The  New  York,  West  Shore  and  Buffalo  Kail  way  purchased  from  the 
Walkill  Railroad  Company  the  right  of  way  acquired  by  them  from 
Kingston  to  Albany.  Construction  for  a  single  track  railway  had  been 
commenced  by  the  latter  company.  At  Gleneric,  a  point  on  the  Esopus 
Creek,  piers  had  been  built  for  a  bridge.  They  were  about  25  feet 
high,  of  ordinary  first-class  masonry,  with  backing,  laid  in  cement.  The 
construction  and  location  of  these  piers  not  being  satisfactory,  they 
were  condemned  and  taken  down. 

During  the  process  of  demolition  I  observed  that  the  cement  mortar 
which  appeared  to  have  been  freely  used  had  not  set,  though  it  had  been 
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in  place  for  something  like  a  year,  and  that  it  was  shoveled  out  by  the 
workmen  like  damp  loam.  I  gave  the  matter  no  particular  thought,  ex- 
cept that  this  condition  of  the  mortar  facilitated  our  work,  until  one  day, 
when  my  attention  was  called  to  the  fact  that  it  set  very  quickly  after 
exposure  to  the  air.  Making  experiments  then,  I  found  that  after  a  half- 
hour  or  an  hour's  exposure  the  set  would  be  as  hard  as  could  be  expected 
of  the  very  best  cement  mortar.  It  is  the  only  instance  of  the  kind  that 
ever  came  under  my  observation.  I  lay  it  before  the  Society  for  the  in- 
formation of  those  who  have  never  had  like  experience,  and  discussion, 
if  considered  worthy  of  it. 

The  cement  used  in  the  mortar  was  that  of  the  Hudson  Kiver  Com- 
pany, manufactured  at  Flatbush,  on  the  Hudson  River. 

The  proportion  of  cement  to  sand  I  cannot  tell. 
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THE    EAILWAY    PILE    AND    PONTOON    BRIDGE 

ACEOSS    THE    MISSISSIPPI     RIVER    AT 

PRAIRIE  DU  CHIEN,  WIS. 


By  John  Lawlek,  F.  Am.  Soc.  C.  E. 
Read  at  the  Annual  Convention,  St,  Paul,  Minn.  ,  June  20th,  1883. 


WITH    DISCUSSION. 


The  Railway  Pile  Pontoon  Bridge,  which  is  the  subject  of  this  paper, 
was  built  in  the  year  1874,  across  the  Mississippi  River,  between  Prairie 
du  Chien,  in  the  State  of  Wisconsin,  and  North  McGregor,  in  the  State 
of  Iowa,  for  the  purpose  of  connecting  the  divisions  of  the  Chicago, 
Milwaukee  and  St.  Paul  Railway  Company,  terminating  respectively  at 
the  points  named.  The  river  here  is  divided,  by  an  interjacent  island, 
into  two  channels,  both  of  which  are  navigated.    The  McGregor  channel, 
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SO  called,  is  1  500  feet  wide  at  a  medium  stage  of  water,  and  the  Prairie 
du  Chien  channel  is  2  000  feet  in  width.  The  distance  between  the 
Wisconsin  and  Iowa  shores,  embracing  the  island  to  which  reference  has 
been  made,  is  7  000  feet,  which  corresponds  to  the  length  of  the  bridge. 

The  structure  throughout  is  of  ordinary  piling,  except  across  the 
navigable  portions  of  the  channels,  which  are  covered  by  the  pontoon 
draws.  Each  of  these  draws  is  a  single  float,  30  feet  wide  at  the  bottom, 
6  feet  deep,  and  41  feet  on  deck,  and  408  feet  in  length.  The  frame  and 
bottom  of  the  draw  is  of  Norway  pine,  of  heavy  dimensions,  and  the  deck 
of  white  pine.  Each  draw  has  five  heavy  bulkheads  running  the  whole 
length,  which  are  thoroughly  bolted  through  and  through.  The  track 
is  regulated  to  the  varying  stages  of  the  river  by  a  system  of  blocking, 
confined  in  a  frame  and  adjusted  by  means  of  hydraulic  jacks.  It  may 
be  observed  that  the  range  of  variation  between  high  and  low  water  at 
this  point  is  22  feet.  There  is  used  in  the  construction  of  each  of  these 
draws  about  600  000  feet  of  plank  and  timber. 

The  draw  is  operated  by  a  steam  engine  of  about  20-horse  power, 
which  communicates  motion  to  a  pulling  chain  passing  over  a  drum,  and 
stretching  along  the  bed  of  the  river,  to  suitable  points  above  and  below 
the  draw,  where  it  is  securely  fastened.  The  pontoon,  when  closed  for 
the  passage  of  trains,  is  held  in  position  by  a  T-shaped  wrought-iron 
shaft,  5  inches  in  diameter,  which  projects  above  the  side  of  the  draw 
into  a  timber  frame,  faced  with  iron  and  secured  by  a  pier  driven  around 
it.  This  coupling,  or  fastening,  is  so  arranged  that  it  may  be  instantly 
attached  or  detached  by  a  single  person.  The  draw,  when  in  position 
for  the  passage  of  trains,  lies  across  the  current  of  the  stream  at  about  a 
right  angle,  and  when  opened  for  the  passage  of  river  craft,  comes  to  a 
rest  parallel  with  the  thread  of  the  stream.  The  time  occupied  in  open- 
ing or  closing  the  draw  is  3  minutes.  The  ends  of  each  draw  are 
adjustable  to  the  approaches  by  trusses,  30  feet  in  length,  composed  of 
iron  and  of  timber,  by  means  of  which  the  track  upon  the  pontoon  is 
securely  connected  with  the  permanent  track.  At  each  end  of  the  draw 
shear  booms  rest  on  piers  driven  for  the  purpose,  and  extend  at  an  easy 
angle  to  either  shore,  by  means  of  which  the  largest  rafts  are  safely 
guided  through  the  draw-opening  without  the  necessity  of  uncoupling. 

The  structure  was  built  at  about  one- sixth  of  the  estimated  cost  of  an 
ordinary  pivot  bridge  at  the  same  point.  A  bridge  of  a  similar  style 
was  erected  last  year  across  the  Mississippi  River  between  Wabasha, 
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Minn.,  and  a  point  in  Wisconsin  near  the  mouth  of  the  Chippewa 
River,  and  Congress  has  authorized  the  building  of  several  others  at 
various  places  on  the  Upper  Mississippi. 

In  concluding  this  paper,  I  desire  to  express  my  sense  of  gratitude 
to  D.  J.  Whittemore,  Esq. ,  M.  Am.  Soc.  C.  E. ,  Chief  Engineer  of  the 
Chicago,  Milwaukee  and  St.  Paul  Railway  Company,  for  his  valuable 
advice  and  assistance  during  the  planning  and  building  of  this  structure. 

DISCUSSION. 

William  P.  Shinn,  M.  Am.  Soc.  C.  E. — I  would  state  that  I  spent 
two  weeks  at  Prairie  du  Chien  about  two  years  ago,  and  had  occasion  to 
observe  the  working  of  this  bridge  of  Mr.  Lawler's,  at  quite  different 
stages  of  water.  There  was  a  considerable  rise  in  the  Mississij)pi  while  I 
was  there,  I  think  some  10  or  12  feet,  and  I  was  astonished  at  the  facility 
with  which  the  changes  were  made  to  correspond  to  the  changes  in  the 
water  level.  It  struck  me  that  the  economy  of  that  mode  of  construction 
was  very  remarkable — bridging  a  stream  like  the  Mississippi,  and  at  the 
same  time  providing  for  the  passage  of  all  sorts  of  craft.  I  think  Mr. 
Lawler,  and  those  associated  with  him,  are  entitled  to  a  great  deal  of 
credit  for  developing  that  kind  of  engineering  in  connection  with  this 
great  water  highway. 

John  Lawleb,  F.  Am.  Soc.  C.  E. — There  is  just  one  point  to  which 
I  would  like  to  draw  attention.  The  idea  of  a  pontoon  couples  with  it 
the  impression  that  there  is  a  sort  of  disconnected  series  of  bridges,  and 
it  might  lead  to  the  inference,  perhaps,  that  the  trains  of  the  Chicago, 
Milwaukee  and  St.  Paul  Railway,  which  have  been  transferred  over  it  for 
the  last  nine  years,  must  necessarily  have  to  be  detached  and  transferred 
in  fragments  across  the  bridge.  I  desire  to  impress  upon  the  minds  of 
the  members  of  the  Convention  that  such  is  not  the  case;  that  full  trains, 
drawn  by  the  largest  engines  owned  by  that  company,  and  arriving  at 
the  points  named,  are  transported  in  precisely  the  same  manner  over 
this  bridge  that  they  would  be  over  any  other  bridge. 

J.  P.  Fkizell,  M.  Am.  Soc.  C.  E.— I  would  like  to  ask  if  the  adjust- 
ment of  the  main  track  to  the  pontoon  does  not  give  rise  to  very  steep 
grades  ? 

Mr.  Lawler. — Such  is  not  the  case.  The  adjustments  to  the  various 
levels  of  the  water  are  made  by  the  men  who  are  otherwise  necessarily 
employed  upon  the  bridge,  without  the  slightest  hindrance  to  the  trains. 
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and,  of  course,  without  the  slightest  additional  expense.  The  track  is 
so  adjusted  that  just  previous  to  the  passage  of  the  train  the  level  of  the 
pontoon  track  is  slightly  above  the  level  of  the  permanent  track,  so  that 
the  weight  of  the  engine,  in  entering  upon  the  pontoon  draw,  brings  the 
pontoon  to  a  perfect  level. 

Mr.  FKizEiiL.— The  entire  bridge  is  lowered,  then  ? 

Mr.  Lawler. — The  pontoon  or  draw  part  of  the  bridge  gradually  set- 
tles under  the  passage  of  a  train  about  five  (5)  inches,  but  to  an  ordinary 
observer,  or  to  the  passengers  on  the  train,  this  settling  is  not  notice- 
able, on  account  of  the  manner  in  which  the  ends  of  the  draw  are 
connected  with  the  permanent  approaches  of  the  bridge.  These  con- 
nections are  made  by  two  girders— one  on  each  end  of  the  draw — so 
adjusted  that  when  the  draw  swings  into  place  for  the  passage  of  a  train 
the  outer  ends  of  the  girders,  which  project  3  feet  over  the  ends  of  the 
draw,  are  received  by  the  permanent  approaches  at  either  end  of  the 
draw,  thus  affording  them  a  solid  foundation,  and  not  only  relieving 
the  draw  of  a  portion  of  the  weight  of  the  girders,  and  the  ends  of  the 
draw  for  a  distance  of  30  feet  from  direct  pressure,  but  also  rendering 
more  gradual  the  depression  caused  by  the  entrance  of  a  train  on  the 
draw. 

T>.  J.  Whittemoke,  M.  Am.  Soc.  0.  E. — Mr.  Lawler  has  very  kindly 
referred  to  me  at  the  close  of  his  interesting  paper,  and  in  compli- 
mentary terms  that  I  think  are  not  fully  deserved.  My  remarks  upon 
this  subject  will  more  particularly  relate  to  the  history  in  one  marked 
instance  of  pontoons  used  for  railway  purposes. 

Some  of  the  older  members  present  will  call  to  mind  that  during  the 
years  1848  to  1850  the  Vermont  and  Canada  and  the  Northern  New  York 
Railroads  were  under  construction.  These  roads  were  built  largely  by 
Boston  capital,  and  were  intended  to  be  operated  in  the  interest  of  that 
city.  When  these  lines  were  nearing  completion  it  became  necessary  to 
devise  some  way  to  join  them  at  the  crossing  of  the  outlet  of  Lake 
Champlain  at  Rouse's  Point.  The  company  controlling  these  two  roads 
applied  to  the  Legislature  of  New  York  for  the  privilege  of  constructing 
a  draw  span  in  the  bridge  which  should  connect  its  lines.  The  neces- 
sary authority  for  the  construction  of  a  draw-bridge  of  any  reasonable 
span  could  not  be  secured.  The  president  of  one  of  these  companies 
was  the  late  Governor  Charles  Paine,  uncle  of  the  President  of  this 
Society.     The  chief  engineer  was  tlie  late  Henry  R.  Campbell,  a  man  of 
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extraordinary  genius  and  capacity,  and,  in  my  opinion,  one  of  the  most 
remarkable  engineers  of  his  time.  After  defeat  before  the  Legislature 
of  Niew  York  it  occurred  to  Mr.  Campbell  that  the  connection  might  be 
made  by  a  pontoon,  which  should  be  operated  by  steam  power,  and  in 
compliance  with  the  legislative  acts  governing  the  operation  of  steam- 
boats on  Lake  Champlain.  A  pontoon  303  feet  long,  about  30  feet  wide, 
and  7  feet  high,  was  constructed,  and  when  it  was  launched,  July  4th, 
1851,  I  displayed  sufficient  lack  of  wisdom  to  be  on  board.  The  lake 
on  the  line  of  railway  at  this  point  is  a  little  over  one  mile  wide.  Pile 
and  timber  approaches  were  built  from  each  shore  until  a  space  equal  to 
the  length  of  the  pontoon  intervened.  Suitable  aprons  for  adjustment 
of  track  to  the  varying  height  of  water  were  made  at  the  end  of  each 
approach.  For  steam  power  to  operate  the  pontoon  there  was  used  a 
dismantled  locomotive,  having  the  distinctive  mark  "  Baldwin  No.  4," 
but  known  throughout  the  line  as  the  ''Flying  Dutchman,"  and  I 
believe  this  was  the  original  locomotive  of  that  name  in  this  country. 
This  pontoon  performed  its  duty  until  April  1st,  1868,  and  without  acci- 
dent of  any  kind,  so  I  am  informed. 

Mr.  Lawler  has  had  charge  of  the  transit  of  passengers  and  freight 
over  the  Mississippi  at  Prairie  du  Chien  for  the  Chicago,  Milwaukee 
and  St.  Paul  Railway  Company  for  many  years,  and  about  ten  or  eleven 
years  ago,  in  conversation  with  me,  he  said:  "I  ought  to  do  this  work  a 
great  deal  cheaper  and  safer  than  I  am  now  doing  it  by  steamboat  and 
barges,  and  the  idea  has  occurred  to  me  that  I  should  accomplish  the 
desired  end  by  the  agency  of  a  pontoon."  I  then  gave  him  what  little 
knowledge  I  possessed  on  the  subject. 

His  pontoon,  however,  is  so  radically  different  from  any  built 
previously  that  it  can  be  well  said  that  Mr.  Lawler  is  not  only  the 
designer  and  builder  of  it,  but  its  originator.  He  constructed  his  pon- 
toon 100  feet  longer  than  the  one  at  Rouse's  Point.  He  arranges  the 
approaches  so  as  to  adjust  the  track  to  a  rise  and  fall  of  water  of  20  feet. 
In  Lake  Champlain  the  extreme  rise  and  fall  hardly  ever  exceeds  7  feet, 
if  I  remember  rightly.  There  is  but  a  slight  current  at  the  outlet  of  that 
lake,  while  Mr.  Lawler  operates  his  pontoon  against  a  very  rapid  current. 
Mr.  Lawler  has  operated  this  device  over  nine  years,  and  without  acci- 
dent of  any  kind  to  either  person  or  property.  If  necessity  should 
demand  it,  I  am  positive  that  by  Mr.  Lawler's  device  it  would  be  prac- 
ticable, using  two  pontoons,  to  open  a  clear  water  space  of  1  000  feet  in 
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a  railway  pontoou  bridge  in  four  minutes  of  time,  and  restore  the  same 
into  position  for  traffic  in  about  the  same  length  of  time. 

* 

Note. — The  illustrations  accompanying  this  paper  have  been  pre- 
pared from  photographs  furnished  by  Mr.  Lawler. 

Plate  XVIII. — Draw  with  freight  train. 

Plate  XIX. — Draw  with  passenger  train. 

Plate  XX. — Draw  open. 

Plate  XXI. — Fig.  1. — View  of  draw  above  the  track.  Fig.  2. — Side 
view,  showing  the  projecting  T  fastening  in  position  as  when  pontoon  is 
closed.  The  shaft  of  the  fastening  projects  overboard  2  feet,  and  when 
the  pontoon  is  closed  the  cross-piece  rests  behind  heavy  timbers,  which 
are  framed  and  bolted  into  a  pile  pier.  When  about  to  open,  the  cross- 
piece  is  moved  by  lever. 

Plate  XXII. — View  under  track. 
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TEMPERATURE  OF  WATER  AT  VARIOUS  DEPTHS 
IN  LAKES  AND  OCEANS. 


Bj  Hamilton  Smith,  Jr.,  M.  Am.  Soc.  C.  E. 
Bead  Apkil  16th,  1884. 


WITH    DISCUSSION. 


In  discussing  the  relative  advantages  of  drawing  water  from  a  pro- 
jected deep  fresh- water  reservoir  in  this  vicinity,  either  from  a  depth 
of  170  feet,  or  from  another  point  60  feet  below  the  surface,  the  writer 
expressed  the  opinion,  that  the  temperature  of  the  water  at  the  greater 
depth  would  be  much  more  constant  during  the  year  than  at  the 
shallower  point ;  that  is  to  say,  the  water  at  170  feet  would  be  very 
much  cooler  in  the  summer,  and  somewhat  warmer  in  the  winter 
months . 

This  opinion  was  based  especially  upon  a  personal  experience  with 
one  of  the  North  Bloomfield  reservoirs  in  California ;  this  reservoir 
was  formed  by  a  masonry  dam  about  100  feet  in  height,  whose  draught- 


74  SMITH    ON^   TEMPERATUKE    OF    WATER. 

gates  were  some  90  feet  below  the  top  of  the  dam.  The  reservoir  is 
generally  nearly  full  in  July,  when  the  temperature  of  the  air  is  often 
above  90°  Fahr.  in  the  middle  of  the  day.  The  water  near  the  surface 
soon  becomes  heated,  so  that  it  is  too  warm  to  be  drunk  with  com- 
fort, and  not  too  cold  for  as  lengthy  swimming  as  the  bather  desires  ; 
at  the  same  time  the  water  drawn  from  the  lower  gates  is  almost  icy- 
cold,  so  that  it  is  pleasant  for  drinking,  and  too  cold  for  anything  but 
a  single  plunge  in  bathing.  In  the  winter  months,  with  a  depth  of 
50  or  60  feet  in  the  reservoir,  the  water  from  the  gates  is  from  5°  to 
7°  Fahr.  *  warmer  than  the  stream  water  in  the  same  locality,  which  is 
of  great  practical  advantage  to  the  North  Bloom  field  Company,  as  this 
comparatively  warm  water  enters  its  canal — which  is  an  uncovered  ditch 
and  flume — and  retains  more  or  less  of  this  higher  temperature  for 
fifteen  miles  of  its  downward  course,  even  during  tremendous  snow- 
storms, the  snow  melting  as  it  falls  into  the  water.  In  other  canals 
in  this  neighborhood,  where  the  water  at  the  head  is  drawn  directly 
from  running  streams,  during  heavy  snow-storms  the  ditches  or  flumes 
will  soon  become  choked  or  blocked  by  the  falling  snow,  unless  they 
are  covered  for  ahnost  their  entire  length. 

As  the  difference  between  bottom  and  surface  summer  temperatures 
in  this  instance  was  of  no  particular  practical  importance,  it  has  never 
been  determined  by  a  thermometer. 

In  lately  discussing  this  question  with  several  engineers  and  scien- 
tists, there  seemed  to  be  a  general  lack  of  information  on  the  subject, 
the  prevailing  impression  being  that  water  at  a  depth  of  170  feet"  would 
be  only  a  trifle  cooler  in  July  than  at  the  surface. 

In  order  to  discover  whether  this  Bloomfield  and  other  deep  Cali- 
fornia reservoirs  presented  exceptional  phenomena  in  temperatures,  the 
writer  has  taken  some  pains  to  hunt  up  all  the  available  published  in- 
formation on  the  subject,  a  resum^  of  which  will  be  given  in  this 
paper. 

The  most  elaborate  observations  at  hand  are  those  made  in  the  Lake 
of  Geneva,  Switzerland,  by  F.  A.  Forel,  and  to  be  found  in  Archives  des 
Sci.  Phys,  et  Nat,  pp.  501-516,  Paris,  June,  1880.  Temperatures  were 
taken  from  the  surface  to  a  maximum  depth  of  984  feet,  from  May, 

*  In  this  paper  all  temperatures  will  be  given  by  the  Fahrenheit  scale. 
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1879,  to  January,  1880 ;   the  results   are   graphically   shown  on  Fig.  I,. 
Plate  XXIII. 

It  will  be  noticed  that  the  surface  temperatures  varied  from  41°  to 
71.6°,  while  at  a  depth  of  984  feet  they  remained  constant  at  41.4°;  at 
the  depth  of  164  feet  the  range  was  only  from  43.3°  to  44.8°. 

This  lake  rarely  freezes,  the  recorded  instances  when  it  was  partially 
frozen  being  in  1570,  1762  and  1805. 

De  la  Beche,*  in  September,  1819,  found  the  surface  temperature  of 
the  same  lake  to  be  67.1^,  and  at  a  depth  of  203  feet  to  be  43.9°  ;  de 
Saussuref  found  several  years  earlier,  in  August,  temperature  at  surface 
of  70.2°,  and  at  a  depth  of  161  feet,  61°. 

These  observations,  and  also  those  upon  other  Alpine  lakes  by  the 
same  investigators,  are  given  in  part  in  graphic  form  on  Plate  XXIV. 

Prof.  Wm.  Kipley  Nichols,  in  1878-9,  observed  the  temperatures  of 
Fresh  Pond,  Cambridge,  Mass.,  at  depths  respectively  of  2,  20  and  35 
feet  below  the  surface,  for  a  continuous  period  of  twelve  months,  the 
results  being  shown  by  Fig.  2,  Plate  XXIII.  Even  at  this  shallow  depth 
of  35  feet,  the  variation  in  the  year  was  only  from  51°  to  34^°,  while  2 
feet  below  the  surface  it  was  from  82^°  to  33^°.    . 

Prof.  John  Le  Conte,  in  August,  1873,  took  the  temperatures  of  Lake 
Tahoe,  California,  at  various  depths  ;  an  account  of  these  and  other 
observations  being  embodied  in  three  very  interesting  articles,  published 
in  the  Overland  Monthly,  San  Francisco,  November,  1883 — January,  1884. 
At  the  bottom — 1  506  feet  below  the  surface — he  found  a  temperature  of 
39.2°  (4°  centigrade),  and  at  the  surface  67*^.  Le  Conte  notes  the  fact 
that  in  Lake  Tahoe  the  temperature  does  not  decrease  with  shallow 
depths  as  rapidly  as  in  the  Lake  of  Geneva,  and  attributes  this  to  the  ex- 
ceeding transparency  of  the  waters  of  Lake  Tahoe,  which  permits  the 
heat  rays  to  extend  to  greater  depths  than  is  the  case  in  less  translucent 
water.  The  clearness  of  Lake  Tahoe  is  almost  marvelous  ;  when  there  is 
no  wind  to  disturb  the  surface,  it  is  wonderful  at  what  great  depths  small 
objects  can  be  distinctly  seen.  Lake  Tahoe  has  never  been  known  to 
freeze  across,  although  the  temperature  of  the  air  is  doubtless  often  below 
0°.  Le  Conte  regards  this  fact  as  due  to  its  great  depth,  high  specific 
heat  of  water,  and  to  wave  agitation. 

These  observations,  as  well  as  those  in  various  oceans,  are  shown  on 

*  Ann.  de  Chim.  et  de  Phys.,  p.  77.    Paris,  1821. 
t    "      "      "        "  "      p.  403.      ••      1817. 
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Plate  XXIV,  which  gives  the  summer  temperatures  at  different  depths, 
as  determined  by  the  authorities  referred  to  in  this  paper. 

In  ocean  soundings  we  have  the  "Voyage  of  the  Challenger;^''  ob- 
servations made  from  the  steamer  Blake,  and  published  in  the  United 
States  Coast  Survey  Eeports;  and  also  unpublished  information  given 
to  the  writer  by  Coast  Survey  officials. 

The  Challenger  found  in  latitude  37°  31'  south,  longitude  36°  7' 
west,  at  a  depth  of  16  050  feet,  a  bottom  temperature  of  30.9°,  and  in 
several  other  soundings  31 . 3°  and  31 . 5°. 

The  Blake  found  north  of  St.  Thomas,  in  the  West  Indies,  36^° 
at  a  depth  of  27  366  feet,  which  is  notable  as  being  the  deepest  sounding 
thus  far  made.  At  this  point  the  surface  temperature  practically  re- 
mains constant  at  80°,  or  thereabouts. 

The  soundings  of  the  Blake,  taken  in  the  Gulf  Stream,  off  the  Caro- 
lina coast,  are  especially  interesting,  as  showing  in  this  heated  current, 
rapidly  moving  northward  from  the  tropics,  a  very  rapid  diminution  of 
temperature,  even  at  comparatively  small  depths. 

The  explanation  of  this  phenomenon  of  low  summer  temperatures  at 
considerable  depths,  in  bodies  of  fresh  water,  is,  that  water  being 
densest  or  heaviest  at  about  the  temperature  of  39.2°  [AP  C),  the 
surface  water,  which  becomes  cold  in  the  winter,  gradually  sinks  to  and 
towards  the  bottom  ;  water  being  a  very  poor  conductor  of  heat,  the 
strata  at  depths  of  200  feet  or  more  will  retain  during  the  summer 
this  lower  temperature,  with  but  slight  variations,  although  the  solar 
rays  may  have  heated  the  water  at  and  near  the  surface  up  to  83°,  as  at 
Presh  Pond,  and  perhaps  a  few  degrees  higher  were  the  body  of  water 
near  this  city. 

According  to  Everett,   the  specific  gravity  of   distilled  water  is  as 

follows  : 

320  .99987 

39.2°  maximum   density   1. 

50O  .99974 

70O  .99800 

860  .99577 

Water  at  86°  is  therefore  quite  appreciably  lighter  than  at  39.2°. 
This  theory  seems  to  be  insufficient  to  account  for  the  very  low  tem- 
perature of  30. 9^^  recorded  by  the   Challenger,   and  that  of  36.2°  near 
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Saint  Thomas  ;  this  latter  sounding  was  probably  in  a  very  deep  sub- 
aqueous crater,  where  the  water  would  not  be  much  affected  by  deep 
currents  coming  from  the  colder  latitudes. 

Possibly  pressure,  directly  or  indirectly,  may  be  a  factor  in  the 
problem. 

It  may  be  observed  that  there  are  great  practical  difficulties  in  the 
way  of  accurately  determining  temperatures  at  such  enormous  depths  as 
those  found  by  the  Challenger  and  Blake.  In  the  deep  sounding  off 
St.  Thomas  the  pressure  of  the  water  amounted  to  nearly  12  000  pounds 
per  square  inch.  Comparative  tests,  however,  of  the  latest  models  of 
thermometers  used  by  the  U.  S.  Coast  Survey  show  very  satisfactory 
results. 

From  the  foregoing  it  is  evident  that  in  a  reservoir  near  New  York 
the  surface  temperature  may  reach  85°  in  July  or  August,  and  go  down 
to  33°  or  34^  during  the  winter  ;  while  at  a  depth  of  170  feet  the  tem- 
perature will  not  vary  greatly  during  the  year  from  45°,  this  being  on 
the  assumption  that  the  reservoir  remains  full. 

In  cases  where  a  large  quantity  of  water  can  be  obtained  from  depths 
of  60  to  170  feet,  during  the  intensely  hot  summer  weather  of  this 
locality,  the  resulting  advantages  of  such  cool  water  should  have  much 
weight  in  the  determination  of  the  point  in  the  reservoir  from  which 
the  water  can  be  most  advantageously  drawn.  Aside  from  the  direct 
advantage  of  lower  temperature,  the  water  will  doubtless  be  much 
freer  from  organic  matter,  or  from  organisms  which  rapidly  develop 
when  the  temperature  is  75°  and  upwards.  In  discussing  the  results  to 
be  expected  in  such  a  case,  it,  of  course,  is  necessary  to  keep  in  mind 
that  the  bottom  temperatures  will  become  elevated,  as  the  heated  strata 
of  water  near  the  surface  gradually  find  their  way  towards  the  lower 
portion  of  the  reservoir. 

A  practical  illustration  on  a  small  scale  in  regard  to  this  same  sub- 
ject was  lately  given  to  me  by  a  distinguished  resident  of  this  city,  who 
generally  spends  his  summer  vacation  fishing  on  a  little  lake  in  the 
northern  part  of  the  State.  He  observed  that  the  fish  were  in  greater 
abundance  in  the  deep  holes,  and  by  a  self -registering  thermometer 
found,  to  his  wonder,  at  depths  of  100  or  110  feet  a  temperature  of  40° 
to  45°,  while  at  the  surface  it  was  75°  or  80°;  this  accounted  for  the 
presence  of  the  fish.  To  utilize  for  himself  this  discovery,  he  proposes 
to  build  a  fishing  cottage  on  the  shore  near  one  of  the  deep  holes,  and 
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expects,  by  a  pump,  with  a  long  suction  pipe,  to  supply  his  party  with 
cold  drinking  water,  without  the  aid  of  an  ice-house. 

In  order  to  obtain  more  thorough  acquaintance  with  the  lake  tempera- 
tures, observations  taken  every  fortnight,  continuing  over  a  period  of  12 
months,  and  taken  simultaneously  in  two  of  the  New  York  lakes,  which 
are  not  far  distant  from  each  other,  would  be  of  much  value.  The 
question  is  of  interest,  not  only  to  the  pure  scientist,  but  also  to  the 
hydraulic  engineer. 

DISCUSSION. 

Edwakd  p.  North,  M.  Am.  Soc.  C.  E. — In  extensive  bodies  of  water 
there  will  probably  be  but  little  variation  in  temperature  from  the  sur- 
face down  to  a  point  where  agitation  ceases.  This  in  oceans  may  be  as 
much  as  30  feet. 

Hamilton  Smith,  Jr.,  M.  Am.  Soc,  0.  E. — The  effect  of  wave  agita- 
tion in  continually  mingling  the  particles  of  water  together  near  the 
surface  is  shown  by  the  Blake  soundings  in  the  Atlantic  on  Plate 
XXIV,  where  the  temperature  remains  unchanged  for  the  first  5 
fathoms. 

Reference  is  made  in  the  paper  just  read  to  the  temperature  of  the 
water  at  the  surface  at  various  localities.  I  would  like  to  know  what  i» 
the  surface  temperature  near  New  York. 

George  S.  Greene,  Jr.,  M.  Am.  Soc.  0.  E. — The  temperature  near 
the  surface  of  the  water  in  New  York  Harbor  near  the  wharves,  as  shown 
by  records  of  daily  observations  for  some  ten  years,  varies  from  31  to 
80  degrees  Fah.  From  the  middle  of  June  to  September,  it  ranges 
from  75  to  80  degrees. 

Joseph  P.  Davis,  M.  Am.  Soc.  C.  E. — In  conducting  a  series  of 
experiments  upon  evaporation  from  water  surfaces,  the  temperature  of 
the  surface  was  taken  at  the  Beacon  Hill  reservoir,  and  at  the  Chestnut 
Hill  reservoir  of  the  Boston  Water- Works.  The  highest  of  these  tem- 
peratures recorded  in  the  reports  of  the  Boston  Water  Board  is  78 
degrees,  in  July,  1876.  This,  however,  may  be  only  a  mean  of  the 
temperatures  for  that  month. 

Mr.  Desmond  Fitzgerald,  C.  E.  (by  letter). — Eeference  to  the  daily 
observations  shows  that  the  highest  surface  temperature  of  the  water  in 
Chestnut  Hill  reservoir,  during  July,  1876,  was  82  degrees,  on  the  14th 
and  15th  of  that  month.  August  gave  no  temperature  above  80  degrees 
maximum. 
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T.  J.  E.  Ceoes,  M.  Am.  Soc.  C.  E.— In  December,  1883,  in  the  Har- 
lem River,  when  there  was  no  ice  at  the  surface,  a  diver  brought  from 
the  bottom,  about  30  feet  from  the  shore  at  the*  end  of  Second  avenue, 
32  feet  below  high  water  level,  masses  of  frozen  gravel.  The  temper- 
ature of  the  salt  water  of  the  river  was  about  28  degrees  at  the  surface. 
At  the  point  where  the  ice  was  found,  the  bottom  had  been  dredged  to 
a  depth  of  about  12  feet,  through  mud  and  into  sand  and  gravel. 

Borings  near  this  point  before  the  dredging  was  begun  showed  the 
existence  of  springs  of  fresh  water  rising  through  the  river  bottom. 

Edward  P.  North,  M.  Am.  Soc.  C.  E.  — The  water  of  Lake  Superior, 
at  Duluth,  is  too  cold  for  bathing  at  any  season  of  the  year.  Does  any 
one  know  the  variations  of  temperature  there  at  various  depths? 

Hamilton  Smith,  Jr.,  M.  Am.  Soc.  0.  E. — Professor  Nichols,  in  his 
"  Temperatures  of  Fresh-water  Lakes  and  Ponds,  Boston,  1881,"  gives  a 
table  showing  temperatures  in  Lake  Superior,  determined  by  the  United 
States  Lake  Survey  in  1871.     It  is  substantially  as  follows: 


Date. 

Location. 

Depth 

IN  Feet  to 

Bottom. 

Tempeeature. 

At 

Surface. 

At 
Bottom. 

1871. 
Aug.    7. 

"    11. 
"    15. 

"    18. 

Lat.  46°  53'  to  47°  23' ( 

Long.  86°  43' to  86°  15' .  i 

Lat.  48°  18',  Long.  86°  15' 

Lat.  48°  20' to  47°  45' ( 

Long.  87°  03' to  87°  06' ' 

Lat.  48°  09' to  47°  36' 

762 
786 
444 

354 

630 

1  008 

822 

282 
774 
492 

888 
366 
120 

56.5° 
50.1° 

50.8° 

55.8° 

49.7° 
49.2° 
52.2° 

51.8° 
52.7° 
51.5° 

55".  3° 
51.3° 

38.8° 
38.8° 
38.8° 

41.3" 

39.0° 
39.0" 
38.9° 

36.8° 

"    22. 

Long.  88°  15' to  87°  42' i 

Near  Copper  Harbor -| 

38.9° 
39.0° 

38.7° 
39.2° 
39.7° 
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D.  J.  Whittemoee,  President  Am.  Soc.  C.  E. — During  the  summer 
months,  when  the  water  of  Lake  Michigan  is  comparatively  warm  at  the 
surface,  cold  water  is  frequently  obtained  by  fishermen  by  sinking  from 
a  boat  a  corked  jug  to  some  depth  in  the  lake  and  then  pulling  out  the 
cork  and  letting  the  jug  fill  with  the  water  at  that  depth.  The  water 
thus  secured  is  very  cold  and  refreshing. 

Robert  L.  Ha.rris,  M.  Am.  Soc.  C.  E. — In  connection  with  this 
question  of  temperatures,  it  seems  strange  that  that  of  water  should 
decrease  so  greatly  with  increased  depth — nearly  down  to  the  freezing 
point  at  the  enormous  depth  of  27  000  feet — while  precisely  the  reverse 
is  true  in  regard  to  the  earth's  surface,  as  shown  by  deep  mines  and 
wells.  I  would  like  to  have  some  information  on  this  latter  point  from 
some  of  the  gentlemen  I  see  here,  who  are  familiar  with  mines. 

Hamilton  Smith,  Jr.,  M.  Am  Soc.  C.  E. — The  temperature  of  the 
earth,  as  shown  by  deep  mines,  varies  very  greatly  in  different  parts  of 
the  world,  and  in  different  geological  formations.  The  general  law  is, 
that  the  temperature  increases  with  depth,  but  even  as  to  this  there  are 
exceptions.  At  the  New  Almaden  quicksilver  mine,  in  California,  in 
one  of  the  drifts,  at  a  depth  below  the  surface  of  600  or  700  feet,  the 
temperature  was  very  high — if  I  remember  correctly,  from  115°  to  120° 
Eah.  In  the  deepest  part  of  the  same  mine,  on  the  1  700  and  1  800 
foot  levels,  the  temperature  is  very  pleasant,  being  probably  less  than 
80°,  and  this  at  a  depth  of  500  feet  or  more  below  sea  level. 

The  Comstock  mines  in  the  State  of  Nevada  are  perhaps  the  hottest 
in  the  world;  the  greatest  depth  there  attained  is  a  little  over  3  000  feet, 
and  there  has  been  a  general,  constant  increase  in  temperature  with 
greater  depths.  This  question  of  heat  in  the  Comstock  Lode  has  been 
discussed  at  length  by  John  A.  Church  in  ''  The  Comstock  Lode  " 
(New  York,  1879),  and  G.  F.  Becker,  in  ''Geology  of  the  Comstock 
Lode"  (Washington,  1884). 

At  the  Eureka  mines  in  the  same  State,  and  at  about  the  same  eleva- 
tion above  sea  level,  there  seems  to  be  but  little  increase  in  temperature 
with  greater  depths,  the  air  in  the  1  200  foot  level  of  the  Richmond 
mine  being  apparently  nearly  as  cool  as  in  the  workings  only  100  feet 
below  the  surface.  The  ore  in  the  Eureka  district  is  found  in  lime- 
stone, with  quartzite  and  shale,  or  stratified  limestone,  forming  the 
walls. 

These  facts  tend  to  show  that  changes  in  the  temperature  of  the 
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earth's  crust  are  very  often  due  to  local  causes,  and  are  probably  often 
produced  by  chemical  forces  still  in  operation. 

From  my  own  observations  in  mines  in  different  latitudes,  from  near 
the  equator  to  55°  north  latitude,  I  should  judge  that  the  normal  tem- 
perature of  the  earth  at  a  depth  of  50  or  60  feet,  or  at  a  point  where  it 
is  not  affected  by  the  monthly  changes  of  the  aerial  temperature,  is  ap- 
proximately the  mean  annual  temperature  of  the  air  at  the  particular 
place.  Hence  the  ordinary  temperature  of  spring  or  well  water  should 
correspond,  in  a  measure  at  least,  with  this  annual  mean. 

It  is  difficult  to  obtain  in  mines  the  exact  temperature  of  the  rock, 
as  the  cool  air  used  for  ventilation  soon  affects  the  surfaces  exposed. 
In  some  of  the  deepest  Belgian  coal  mines,  with  depths  of  over  2  000 
feet,  I  understand  that  it  is  impracticable  to  work  them  extensively 
at  first,  some  time  being  required  to  allow  them  to  thoroughly  cool. 

In  connection  with  hot  mines,  it  will  be  of  interest  to  mention  a 
fact  in  regard  to  the  Comstock  workings.  In  one  of  the  very  hot  drifts 
some  years  since,  the  miners  could  only  remain  for  a  few  moments  at  a 
time,  and  as  an  experiment  some  iced  water  was  given  to  them;  it  pro- 
duced no  ill  effects,  but  on  the  contrary  enabled  the  men  to  work  to 
much  better  advantage;  since  then  iced  water  is  furnished  to  the  work- 
men in  all  these  mines,  and  is  drunk  ad  libitum  with  apparently  no  bad 
results  upon  health. 

Mr.  Dorsey  is  very  familiar  with  the  Comstock  mines,  and  doubtless 
he  can  give  us  more  detailed  information  in  regard  to  their  changes  in 
temperature. 

Edward  B.  Dorsey,  M.  Am.  Soc.  C.  E. — The  mines  on  the  Com- 
stock vein,  Nevada,  are  exceptionally  hot;  at  depths  of  1  500  to  2  000  feet, 
the  thermometer,  placed  in  a  fresh-drilled  hole,  shows  130°  Fah.  Very 
large  bodies  of  water  have  run  for  years  at  155°  temperature,  and  smaller 
bodies  at  170°,  sufficiently  hot  to  scald  the  person  and  to  destroy  human 
life.  Where  the  air  is  not  freshened  by  ventilation,  the  steam  escaping 
from  the  hot  water  saturates  it  with  moisture,  making  it  much  more  op- 
pressive than  if  it  was  dry.  There  have  been  fatal  accidents  from  falling 
into  this  hot  water,  or  from  being  overpowered  by  the  heat  in  the  work- 
ings, owing  to  accidents  to  the  ventilating  machinery. 

The  temperature  of  the  air  is  kept  down  to  about  110°  by  forcing 
down  fresh  air,  cooled  over  ice,  from  the  surface. 
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I  have  seen  no  mining  operation  in  any  part  of  the  world  where  so 
much  money  is  spent  in  the  vain  effort  to  keep  cool. 

Captain  Geo.  M.  Wheeler,  U.  S.  Engineers,  estimated  the  heat  ex- 
tracted annually  from  the  Comstock,  by  means  of  the  water  pumped  out 
and  cold  air  forced  in,  as  equal  to  that  generated  by  the  combustion  of 
55  560  tons  of  anthracite  coal,  or  97  700  cords  of  wood. 

It  has  been  generally  asserted,  as  an  axiom,  that  the  heat  increased  1° 
Fah.  for  every  60  ieet  in  depth  below  the  earth's  surface.     In  my  experi-. 
ence  I  have  found  this  to  be  incorrect,  varying  very  much  in  different 
geological  formations . 

About  15  miles  from  the  Comstock  mines  there  are  hot  springs,  some 
discharging  boiling  water,  with  intermittent  or  geyser  action. 

The  following  measurements  of  temperature  were  made  by  Mr.  Chas. 
Forman,  Superintendent  of  the  Overman  mine,  while  sinking  the  new 
"  Forman  shaft."  This  shaft  is  being  sunk  so  as  to  cut  the  vein  at  about 
4  500  feet  in  depth.  It  was  commenced  about  4  000  feet  east  of  the  out- 
crop of  the  vein,  consequently  these  measurements  were  made  entirely 
outside  of  the  vein.  At  each  100  feet  in  depth  three  holes  were  drilled 
at  least  3  feet  deep,  thermometers  placed  in  each,  and  the  holes  then 
plugged  up  with  clay.  At  the  end  of  12  hours  the  thermometers  were 
read[as  follows  : 


100  feet  deep, 

200 

300 

400 

500 

600 

700 

800 

900 
1000 
1  100 
1200 
1300 
1400 
1500 
1600 
1700 


53  degrees  Fah. 

56.3 

59.6 

62.8 

66.1 

69.3 

72.6 

75.8 

79.1 

82.4 

85.6 

88.9 

92.1 

95.4 

98.6 
101.9 
105.2 
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1  800  feet  deep, 

1  900 

2  000 

2  100 

2  200 

2  300 

108.4 

degrees  Fall, 

109.5 

112.5 

115.4 

118.4 

121.2 

The  temperature  increases  more  rapidly  near  the  surface  than  it  does 
below,  as  will  be  seen  by  the  following  comparisons  : 

100  to  1  000  feet  deep,   increase   1°   in   29    feet. 
100  to  1 800  ''  ♦*  1°   in   30.5    «' 

100  to  2  300  "  '*  lo   in  32.3    '* 

The  temperature  was  observed  while  sinking  the  two  following  shafts 
on  the  Comstock  : 

Combination  Shaft — 

Temperature  of  rock     100  feet  deep,  53   degrees  Fah. 
''        1  476         ♦«  103.4  «' 

"  '*        2  230         "  119.6 

Yellow  Jacket  Shaft — 

Temperature   of  rock     100  feet  deep,  53   degrees  Fah. 
♦*  "  845         "  81.4 

"  "        2  017         "  120.5 

These  shafts  are  in  the  trachyte  hanging  wall  of  the  vein,  4  or  5  000 
feet  distant  from  the  outcrop . 

The  Yellow  Jacket  shaft  is  about  1  300  feet  from  the  Forman  shaft; 
the  Combination  shaft  is  about  1  mile  distant.  Higher  temperature  of 
rock  is  found  nearer  the  vein  than  is  shown  by  these  distant  shafts. 

There  are  very  little  data  published,  and  those  very  incomplete,  upon 
the  temperature  of  the  interior  of  the  earth . 

The  following  table  gives  the  temperatures  of  the  rock  and  water  in 
some  of  the  most  noted  mines,  tunnels  and  artesian  wells,  which,  how- 
ever, is  not  complete  or  strictly  reliable,  as  few  persons  will  take  the 
trouble  necessary  to  get  the  temperature  of  the  rock  at  the  different 
depths  in  the  same  mine,  which  is  the  only  way  of  estimating  the  in 
crease  of  heat  in  depth.  For  the  want  of  this  care,  no  two  persons  give 
the  same  result. 

The  temperature  of  water  either  in  mines  or  artesian  wells,  or  from 
springs,  does  not  necessarily  give  the  temperature  of  the  rocks  in  the 
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immediate  vicinity  of  its  discharge,  though  it  must  have  passed  through 
rocks  at  least  equal  to  it  in  temperature  somewhere  in  its  subterranean 
circulation.  The  artesian  wells  in  Chicago  show  the  extent  of  the  in- 
ternal circulation  of  water;  it  is  asserted  that  this  water  must  come 
from  over  100  miles,  in  order  to  get  the  height  at  which  it  is  discharged. 

In  the  Comstock  the  water  is  from  30°  to  40°  hotter  than  the  adjacent 
rock;  in  the  St.  Gothard  tunnel  it  is  6°  warmer.  In  hot  springs,  boil- 
ing water  is  discharged  through  comparatively  cool  rocks. 

The  Eureka  mines,  at  Eureka,  Nevada,  in  limestone  formation,  about 
6  000  feet  above  the  sea,  are  very  cool  at  the  lowest  level,  1  200  feet 
deep.  I  have  no  figures,  but  the  temperature  at  the  bottom  is  very 
pleasant,  even  when  wearing  the  ordinary  clothing  worn  on  the  surface. 

In  the  following  table  the  two  coolest  mines  or  tunnels  are  in  lime- 
stone, namely,  Chanarcillo  mines  and  Mt.  Cenis  tunnel;  and  the  two 
hottest  are  in  trachyte  and  the  "coal  measures,"  viz.,  the  Comstock 
mines,  in  trachyte,  and  the  South  Balgray,  in  the  "coal  measures." 

The  coolness  or  heat  being  estimated  by  the  number  of  feet  in  depth 
to  increase  the  temperature  1°. 

The  coal  mines  of  Belgium  are  very  hot,  but  I  have  no  reliable  data 
about  them. 

The  difiference  of  heat  in  difi'erent  formations  is  shown  very  plainly 
in  the  Mt.  Cenis  and  St.  Gothard  tunnels.  These  two  works  are  com- 
paratively close  together,  in  the  same  chain  of  mountains,  and  about  the 
same  elevation  above  the  sea.  The  former  is  in  calcareous  formation, 
increasing  1°  in  temperature  for  every  102  feet  in  depth.  The  latter  is 
in  granite,  gneiss,  and  mica  schist,  increasing  1°  in  every  88  feet  in 
depth. 

The  difference  would  probably  be  much  greater  if  it  was  not  for  the 
abundance  of  water  in  the  St.  Gothard,  which  amounted  to  4  000  000 
gallons  daily.  The  formation  was  full  of  seams  which,  apparently,  ex- 
tended to  the  surface,  giving  free  passage  for  the  surface  water,  which 
doubtless  cooled  the  rock. 

My  experience  is  confirmed  by  the  accompanying  table,  that  lime- 
stone is  the  coolest  formation. 
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Ohio, 
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I    Depth 

BELOW 
SUBFACE. 


5  3U0 

5  eoo 


i  24U 
3  781 
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2  0i0 
2  443 

1  38U 
1  740 
1  740 
1572 

1  rm 

1  550 

2  230 
2  017 
2  300 
5  084 
4  418 

1  797 
1100 

2  199 

3  844 
1250 
2  036 
2  775 
1878 

4  1G3 


1200 
1422 
1122 

1  248 


100  ft.  Below 
Surface. 
Degrees. 


Water.        Rock. 
Degrees .     Degrees. 


119.6 
120.5 


Average  Numbeb 
OF  Feet  fob  Each 
Degbee  of  Incbsase. 


Geoi^gical  Formation  asd  Remarks. 


Coal  measures. 


Temperature  483  ft.  deep,  ( 


Granite  aud  killas.     ) 

Killas.  I     British  Association, 

In  vein.    lu  killas.     I    Vol.  6,  p.  13J. 

Granite.  J 

Formation  not  stated — probably  granite. 

Oolitic  limestone,  observed  by  E.  B.  Dorsey, 

(  The  surface  temperature  is  assumed  to  be 
i  the  same  as  that  of  the  Formau  Shaft,  53= 

( This  and  the  two  preceding  are  in  the 
i  trachyte  hanging  wall  of  the  vein. 

Calcareous. 

Granite  gneiss,  gneiss  and  mica  schist. 

Clay,  sand,  chalk,  &c. 

London  chalk,  clay,  sand,  &c. 

Limestone.     Salt  water. 

'•  lower  40  ft.  in  granite. 

Cretaceous,  saudstone,  marl,  kc. 

Limestone. 

[Formation  not  stated— lowest  138  ft.  in  salt. 
"  "  Salt  deposit. 


The  data  of  the  Rose  Bridge  Colliery  is  taken  from  J.  Arthur  Philliiis, 
rase  being  1"  in  5*  feet. 


!  not  state  whether  the  temperature  giv 


'  the  water  or  rock.    Others  make  the  temperature  greater,  the 
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The  following  experiments  were  made  at  the  Pencoyd  Iron  Works, 
Pencoyd,  Pa,,  for  the  purpose  of  determining  the  comparative  resist- 
ance to  compression  of  long  and  short  struts  of  rolled  angle,  tee,  beam 
and  channel  sections.  The  specimens  were  tested  by  four  different 
methods  : 

First,  with  flat  ends,  between  parallel  plates,  to  which  the  specimen 
was  in  no  way  connected. 

Second,  with  fixed  ends,  or  ends  rigidly  clamped  to  parallel  plates, 
the  plates  substantially  forming  flanges  to  the  specimen  under  test.  « 

Third,  hinged-ended,  or  both  ends  fitted  to  hemispherical  balls  and 
sockets,  or  cylindrical  pins. 

Fourth,  round- ended,  or  both  ends  fitted  to  balls  resting  on  flat 
plates . 

Note. — The  discussion  on  this  paper  will  be  published  subsequently. 


86  CHRISTIE   ON   WROUGHT-IRON   STRUTS. 

The  machine  used  was  a  Fairbanks  testing  machine  of  50  000  pounds 
capacity.  In  this  machine  the  power  was  applied  by  hand  through  a 
system  of  gearing  to  four  vertical  screws,  which  connected  two  rigidly 
parallel  plates,  between  which  the  specimen  was  placed  in  a  vertical 
position.  The  pressure  applied  was  measured  on  an  ordinary  scale- 
beam,  pivoted  on  knife  edges  and  carrying  a  moving  weight,  which 
registered  the  pressure  automatically.  The  specimens  varied  in  length 
from  6  inches  up  to  16  feet,  and  were  selected  to  obtain  a  uniform 
character  of  material .  As  far  as  possible,  the  long  and  short  specimens 
of  the  same  size  were  cut  from  the  same  bar. 

These  test  bars  were  all  accurately  straightened,  dressed  square  on 
the  ends,  and  weighed ;  the  area  of  cross  section  being  determined  by 
the  weight  and  length  of  the  bar.  The  hinged-ended  and  round-ended 
specimens  were  arranged  so  that  the  centres  of  balls  or  pins  were, 
as  near  as  practicable,  coincident  with  the  centre  of  gravity  of  the 
cross  section  of  the  bar.  Every  known  precaution  was  observed  in  order 
to  obtain  accurate  results,  and  the  disparity  in  these  results  seems  to  be 
due  to  unavoidable  inequalities  in  the  condition  of  the  bars,  as  here- 
after noted.  Very  minute  changes  in  the  position  of  the  centre  of  pres- 
sure produced  greater  differences  in  the  resistance  of  the  bars  than  was 
anticipated. 

Judging  from  previous  experience,  the  result  of  any  few  indiscrim- 
inate tests  would  yield  no  satisfactory  conclusions  ;  it  was,  therefore, 
determined  to  make  such  a  number  of  tests  that  the  range  of  maximum 
and  minimum  could  be  fairly  established,  and  a  proper  average  deduced 
therefrom.  For  reasons  not  always  evident,  occasional  results  were 
obtained  either  abnormally  high  or  low,  as  will  be  found  illustrated  on 
the  diagrams;  but  there  is  little  doubt  that  the  principal  cause  of  low 
resistance  was  eccentricity  of  axes,  or  non-coincidence  between  the 
centre  of  pressure  and  the  axis  of  greatest  resistance  of  the  specimen. 

This  was  most  evident  on  hinged-end  struts  of  a  symmetrical  cross 
section,  such  as  X  beams  and  welded  tubes,  with  which  it  was  occa- 
sionally found  that  the  highest  resistance  was  not  always  obtained  when 
the  centres  of  balls  or  pins  were  placed  in  exact  line  with  the  centres  of 
the  section,  as  described  on  the  ends  of  the  bar.  Sometimes,  by  moving 
the  specimen  apparently  slightly  out  of  centre,  the  resistance  was  vastly 
increased.  This  was,  no  doubt,  due-  to  minute  bends  or  inequalities  in 
the  distribution  of  the  metal,  which  caused  the  axis  of  greatest  resist- 
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ance  of  the  strut  to  disagree  with  the  apparent  axis  of  symmetry.  A 
few  examples  of  this  character  are  described  in  the  tables. 

When  the  bar  was  straight  and  accurately  centred  on  the  ball  or  pin, 
the  hinged-ended  strut  of  any  length  was  fully  equal  to  that  of  the  flat- 
ended. 

In  fact,  the  resistance  of  the  best  specimens  of  hinged-ended  bars 
exceeded  the  best  of  the  flat-ended.  This  behavior,  as  illustrated  on 
the  diagrams,  occurred  in  so  many  instances  that  it  could  not  be  consid- 
ered exceptional,  but  the  slightest  deviation  from  the  requisite  accuracy 
of  centring  rapidly  reduced  the  resistance;  and  as  no  amount  of  care 
could  always  insure  the  precise  conditions  required,  it  is  not  believed 
that  in  practice,  with  the  most  careful  workmanship,  or  the  best  form 
of  strut  or  column,  could  these  high  resistances  be  uniformly  obtained. 

When  the  bars  were  very  long,  in  proportion  to  radius  of  gyration, 
the  ultimate  load  could  be  applied  without  any  permanent  injury  to  the 
bar.  The  strain  could  thus  be  released  and  applied  at  will  without  any 
change  in  resistance.  Several  bars  were  tested  in  this  manner,  and 
the  effect  of  change  in  end  conditions  noted,  a  few  examples  of  which 
will  be  found  in  the  tables. 

The  high  resistance  on  balls  or  pins  could  always  be  obtained  by 
trial,  that  is,  by  observing  the  direction  of  deflection  under  strain, 
then  releasing  the  strain  and  moving  the  bar  in  the  proper  direction ; 
when  the  point  of  greatest  resistance  was  passed,  the  deflection  would 
be  reversed  in  direction. 

When  the  point  of  greatest  strength  was  reached,  the  behavior  of  the 
specimen  was  peculiar.  Under  ordinary  circumstances  the  bar,  while 
bending  under  strain,  rotated  from  the  start  on  its  hinged  ends.  When 
correctly  centred,  no  such  rotation  occurred  at  the  beginning  of  deflec- 
tion, but  the  bar  bent,  like  a  flat-ended  strut,  until  the  point  of  failure 
was  reached,  when  it  rotated  on  its  ends  suddenly,  and  with  so  much 
force  as  sometimes  to  spring  from  the  machine.  In  fact,  the  deflection 
under  these  conditions  more  resembled  that  of  fixed-ended  than  of  flat- 
ended  specimens,  for  the  latter  frequently  showed  indications  of  rotation 
on  their  ends  before  ultimate  resistance  was  attained. 

In  no  instance  could  the  effect  described  be  produced  on  a  round- 
ended  strut,  and  the  smaller  the  pin  or  ball  and  socket  the  more  rarely 
it  occurred,  or  the  more  difficult  to  produce  it  by  trial,  just  as  an  egg 
may  be  stood  erect  in  a  very  minute  cup,  but  never  on  a  flat  table.     The 
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diameter  of  the  ball  or  pin  exercised  a  marked  influence  on  the  resist- 
ance of  the  bar,  as  also  did  the  fit  of  the  pin.  A  few  examples  are 
given  in  the  tables  illustrating  the  effect  of  a  change  in  pin  diameter. 
The  test,  No.  125,  of  a  hinged-end  angle  was  made  on  new  pins,  which 
were  an  absolute  fit  to  the  semi-cylindrical  seat  which  capped  the  speci- 
men, the  test  being  made  with  the  pin  hinges  dry. 

The  caps  were  immediately  eased  with  a  file  and  the  bearing  on  pins 
lubricated,  when  it  was  found  impossible  in  the  same  bar  to  reproduce 
the  high  resistance  first  obtained.  The  hinged-ended  tests  varied  all  the 
way  from  the  value  of  round-ended  up  to  flat-ended.  As  can  be  seen  on 
the  diagrams,  the  lowest  range  of  hinged-ended  tests  approximated  very 
closely  to  the  average  of  round-ended. 

The  ends  of  the  shortest  flat-ended  struts  remained  solidly  seated  at 
the  time  of  failure,  whilst,  on  the  contrary,  the  longest  struts  always 
rotated  on  their  ends,  and,  as  stated  before,  sometimes  showed  a  tendency 
to  turn  before  ultimate  resistance  was  attained. 

In  all  cases  the  bars  bent  in  the  direction  of  the  least  radius  of  gyra- 
tion, excepting  a  few  special  tests  of  T  sections,  when  the  specimen  was 
designedly  placed  eccentric  on  the  hinge,  causing  failure  in  the  direction 
of  the  stem  instead  of  the  flange;  and  also  excepting  the  case  of  very 
short  specimens,  which  failed  by  direct  crushing. 

During  some  tests,  the  particulars  of  which  are  given  hereafter,  the 
deflection  of  the  bars  apparently  reversed  as  the  load  increased.  This 
was  due  to  the  occasional  deflection  of  the  specimen  in  the  form  of  a 
sinuous  reverse  curve,  which  always  merged  into  a  regular  curve  before 
failure. 

But  sometimes  the  greatest  curve  unexpectedly  reversed,  the  least 
curve  finally  predominating.  Bars,  deflecting  in  this  manner,  usually 
exhibited  unduly  high  resistance. 

This  action,  it  seems,  occurred  more  frequently  with  flat-ended  than 
with  hinged-ended  specimens.  For  the  purpose  of  observing  the  effects 
of  cold  straightening,  on  bent  bars,  a  number  of  bars  were  straightened 
in  the  rolling  machine,  after  the  first  test,  and  then  retested.  When 
the  bars  were  long  as  compared  with  section,  and  the  permanent  bend 
slight,  no  diminution  of  strength  was  noticeable,  but  in  the  case  of 
shorter  bars,  in  which  the  distortion  was  more  serious,  a  weakening  ap- 
proximating 10  per  cent,  was  found., 

The  shortest  lengths  of  fixed-ended  angles   show  lower    resistance 


CHRISTIE   ON   WROUGHT-IROiq^   STRUTS.  89 

than  either  the  flat-ended  or  hinged-ended.  As  the  length  of  the  fixed- 
ended  struts  was  measured  between  the  clamps,  whereas  the  point  of 
absolute  fixing  probably  occurred  at  some  place  within  the  clamps,  the 
apparent  difference  may  be  accounted  for,  as  then  the  values  given  for 

—  would  be  too  low .      Also    the    shortest   bars    of   channel   section 
r 

offered  less  resistance  than  tees  or  angles,  as  compared  by  equal  radii  of 
gyration.  These  channels  were  tested  at  Watertown,  as  recorded  else- 
where, but  the  difference  may  be  accounted  for  by  reason  of  the  greater 
extent  of  unbraced  web  surface  in  the  channels,  rather  than  by  sup- 
posing that  the  machines  at  Watertown  and  at  Pencoyd  would  yield 
such  discordant  results.    The  channels  showed  local  failure,  or  crippling 

rather  than  bending,  when  —  was  as  high  as  37,  whereas,  with  angles 

and  tees,  no  such  local  failure  was  observed  when  —  was  higher  than 

r 

30.  The  tests  of  welded  tubes  show  fully  as  much  diversity  in 
results  as  the  other  shapes.  The  seeming  contradictions  in  the 
tubes  were  partly  due  to  their  usual  lack  of  uniformity  in  thick- 
ness, being  thickest  on  the  line  of  the  weld,  and  liable  to  have  thin  spots 
anywhere.  In  one]  test  a  hinged-ended  tube  offered  higher  resistance 
when  placed  slightly  eccentric,  or  apparently  so,  on  the  ball  end.  The 
2^  inch  tube  8  feet  long  recorded  in  test  No.  271  failed  flat-ended  with 
a  pressure  of  33  020  pounds.  It  was  then  straightened  and  retested  in 
the  same  manner,  failing  with  31  000  pounds.  As  this  seemed  too  feeble 
a  resistance,  another  tube  was  taken,  test  No.  270,  which  did  not  fail, 
flat-ended,  with  50  000  pounds,  but  placed  on  2-inch  balls  and  sockets, 
test  No.  294,  it  failed  with  43  990  pounds.  For  the  behavior  of  some 
other  tubes,  see  table  of  continuous  tests. 

Lateral  Deflection  op  Struts  during  Compression. 

For  obtaining  the  deflection,  a  straight-edge  of  the  same  length  as 
the  specimen  was  used. 

The  extent  of  deflection  was  measured  by  a  wedge-shaped  gauge, 
tapering  one  to  ten.  Each  one-tenth  of  an  inch  advance  in  length, 
advanced  one-hundredth  of  an  inch  in  width. 
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The  specimen  was  first  subjected  to  a  moderate  pressure  in  the  ma- 
chine, varying  from  100  to  500  pounds,  according  to  the  size  of  the  bar, 
and  the  amount  of  its  curvature,  if  any,  then  measured.  Although  the 
bars  were  considered  straight  in  a  practical  sense,  yet  refined  measure- 
ment generally  showed  some  appreciable  curvature. 

Thus  the  first  measurements,  recorded  in  the  left-hand  columns  of 
each  table  of  deflections,  indicate  the  initial  curvature  of  the  bar.  In 
the  second  columns,  on  right-hand  side  of  the  tables,  the  total  pressure 
that  the  bar  sustained  is  given,  and  in  the  extreme  right-hand  columns 
is  given  the  amount  of  permanent  deflection  remaining  in  the  bars  after 
the  pressure  was  released.  On  many  bars  the  pressure  was  released 
at  intervals  during  the  test,  to  ascertain  if  any  permanent  deflection 
remained,  but  none  was  observed  until  the  bar  had  either  attained  ulti- 
mate resistance,  or  was  on  the  verge  of  failure. 

It  will  be  noticed  that  in  many  instances  failure  occurred  with  some 
even  multiple  of  100  or  1  000  pounds.  This  was  generally  due  to  failure 
occurring  during  an  interval  when  the  machine  was  stopped  to  measure 
the  deflection.  In  many  cases  the  operator  ceased  increasing  the 
pressure  when  indications  of  failure  were  evident.  These  indications 
in  bars  of  moderate  length  consisted  of  the  dropping  of  scales  from  the 
specimen,  or  a  rapid  increase  of  the  deflection. 

In  most  instances  the  ultimate  resistance  might  have  been  either 
slightly  increased  or  diminished  if  the  application  of  pressure  had  been 
correspondingly  continued  or  retarded,  but  .the  variation  from  the 
recorded  pressures  would  not  have  seriously  affected  the  result.  The 
hinged  tee  No.  147  sustained  a  pressure  of  50  000  pounds  about  four 
minutes  before  failure  occurred. 

The  fixed-ended  angle  No.  181  showed  partial  failure,  but  not  entire, 
although  the  load  remained  on  for  several  minutes.  Similar  action  was 
developed  in  specimens  Nos.  242,  87,  72. 

In  some  cases  the  amount  of  deflection  was  reduced  as  the  pressure 
increased,  which  was  due  to  the  direction  of  greatest  deflection  being 
reversed  under  strain.  This  occurred  in  thirteen  tests  with  flat-ended 
bars,  in  four  tests  with  hinged  bars,  and  in  no  instance  with  round  or 
fixed-ended. 

There  was  a  certain  range  of  length  of  the  specimens  below  which 
all  bars  took  a  permanent  set  after  failure,  and  above  which  all  recovered 
their    original   condition.     In   the   flat-ended   bars    recovery   occurred 
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when  the  ratio  of  length  to  least  radius  of  gyration  (  —  j  was  as  low  as 

231,  and  one  test  showed  permanent  set  with  —  as  high  as  370.     Be- 

r 

tween  these  limits  some  specimens  recovered,  others  did  not.  All  speci- 
mens below  231  were  bent ;  all  above  370  recovered.  In  hinged- ended 
bars  the  range  was  from  162  to  254.     In  tixed-ended  bars  a  similar 

range  of  —  extended  from  174  to   312.      In  round-ended  three   tests 
r 

occurred  without  permanent  set  after  failure  ;  in  these  —  ranged  from 
439  to  449. 

It  has  been  previously  stated  that  when  —  was  about   30  the  bars 

ceased  to  bend  in  a  regular  curve,  but  failed  by  irregular  crippling.  It 
is  probable  that  this  limit  would  be  found  to  vary  for  the  different 
classes  of  end  connections,  but  as  the  limited  capacity  of  the  testing 
machines  necessitated  the  use  of  very  small  sections,  of  such  short 
lengths,  to  operate  upon,  the  subject  could  not  be  satisfactorily  deter- 
mined. 

Methods  of  Secuking  Ends  of  Struts. 

Plate  XXV,  Figure  1  represents  the  ball  and  socket,  Figure  2  the  pin, 
and  Figure  3  the  clamps  for  fixed-ended  angles. 

For  round  ends  the  socket  was  omitted,  the  ball  resting  against  a  flat 
plate.  The  studs  A  A,  shown  on  Figures  1  and  2,  were  fitted  into  holes 
in  the  hinge  plates,  which  were  drilled  directly  in  line  with  centres  of 
ball  or  pin.  These  studs  were  used  only  with  angle  and  tube  sections, 
their  diameter  being  regulated  so  as  to  bring  the  centre  of  gravity  of 
the  angle  section  in  line  with  the  centre  of  ball  or  pin.  A  number  of 
these  studs  was  provided  having  slightly  varying  diameters,  by  means 
of  which  the  angle  could  be  moved  as  desired  on  its  hinged  ends. 

For  the  other  sections,  the  studs  A  A  were  omitted.  The  struts  had 
lines  described  on  their  ends  at  right  angles  to  each  other,  and  passing 
through  the  centre  of  gravity  of  the  section. 

The  ball  and  pin  plates  had  also  diametral  lines,  at  right  angles  to 
each  other,  as  shown  on  drawing. 

The  lines  on  the  struts  and  on  the  plates  were  made  to  coincide, 
which  was  readily  done  by  means  of  a  light  mallet,  as  soon  as  the  bar 
was  pinched  in  the  machine. 
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Concentric  lines,  as  shown,  were  described  on  the  hinge-plates, 
which  were  convenient  to  measure  from  when  adjusting. 

The  length  of  the  strut  was  taken  as  indicated  by  letter  Z,  which 
will  account  for  the  different  tabulated  lengths  of  the  same  bar,  when 
tested  with  different  end  fixtures.     Some  tests  made  on  very  short  bars 

—  30  or  under  \  showed  an  irregularity,  owing   to  the  length  of   the 

hinge-caps   being    added   to    the  actual  length  of  the  specimen,  when 

determining  the  values  of   — ,  as  the  specimens  then  failed  partially  by 

crushing,  and  the  method  of  securing  the  ends  made  little,  if  any,  differ- 
ence in  the  results. 

A  few  tests  thus  made  were  rejected  as  untrustworthy,  and  the  tests 
Nos.  112,  113,  114:  of  angles,  and  162,  163,  164  of  tees,  were  made 
on  bars  whose  ends  were  milled  to  fit  directly  on  the  pins,  and  the 
lengths  of  the  specimens  taken  between  the  inside  faces  of  the  pins. 

During  the  round-ended  tests  the  abutting  ends  of  the  balls  became 
slightly  flattened  by  the  repeated  pressures.  This  flattening  became 
more  marked  towards  the  close  of  the  experiments,  giving  the  balls  a 
certain  area  of  flat  bearing  and  probably  causing  some  increase  of  the 
proportionate  resistance.  As  this  action  could  have  been  prevented  only 
by  the  use  of  balls  and  plates  of  hardened  steel,  and  would  be  expected 
if  round-ended  struts  were  used  in  practice,  it  was  considered  best  to 
retain  the  iron  balls. 

The  balls  and  pins  were  moistened  with  oil  to  reduce  the  friction 
during  hinged-end  tests. 

TABLES  OF  KESULTS. 
For  convenience  of  reference,  the  tests  are  numbered  on  the  tables, 
and  correspondingly  numbered  on  the  diagrams.     The  unnumbered  tests 
on  Diagram  No.  7  were  made  on  the  Government  machine  at  Watertown; 

the   particulars   of  these  are  given  in  Table  No.  7.     The  expression  — 

means  the  length  of  strut  divided  by  least  radius  of  gyration,  the  latter 
being  derived  from  the  moment  of  inertia  of  the  respective  cross-sec- 
tions, taken  around  an  axis  passing  through  the  centre  of  gravity  of  the 
section,  in  the  position  described  below: 


[U_/]- AX  18.. .  _  .,^^. .  ^ 


PLATE  XXV 
TRANS.  AM.SOC.CIV.   ENGRS 
VOL. XIII   NO.  CCLXXIX 
CHRISTIE 


Ficxl.    Ball  AND  Socket.        o"  iron  struts. 


> 


FiGc2        Pin 


FiCw3      Clamp  for  Rxed  ended  AwauES 


i:Stis.ft.. 
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The  value  of  the  least  radius  of  gyration  for  the  sections  experi- 
mented upon  is  as  follows : 

r  =  value  of  least  radius  of  gyration  in  inches. 


Angles. 

r. 
.20 

Tees. 

r. 

Beams. 

r. 

Channels. 

r. 

Tubes. 

r. 

1     X  1     X^ 

1x1 

.26 

4// 

.51 

V 

.31 

1" 

.43 

li  X  H  X  i 

.26 

Hxii 

.27 

W' 

.60 

3'' 

.46 

w 

.61 

U  X  H  X  1 

.31 

Hxij 

.32 

(S" 

.66 

4'' 

.48 

2" 

.77 

If  X  If  X  J 

.36 

2     x2 

.43 

c//     ) 

1 

.45 
to 
.56 

2^" 

.94 

2    X  2  X  ,^„ 

40 

2ix2i 
3    x3 

.55 

3" 

1.17 

2i  X  2i  X  f 

.50 

.62 

6''  \ 

.51 
to 
.67 

2f  X  2f  X  f 

.55 

3Jx3J 

.74 

3    X  3    X  1 

.60 

4    x4 

.84 

8''  \ 

.60 
to 
.71 

3J  X  3^  X  f 

.70 

4    X  4    X  ^ 

.81 
.66 

10'' 
12'' 

.69 

.87 

4    x3    xi 

The  tables  of  deflections  have  been  previously  explained. 

Table  No.  9  is  an  average  for  the  ultimate  resistance  per  square  inch 
of  section  for  each  shape  of  struts.  The  figures  agree  with  the  dotted 
lines  on  the  diagrams,  which  were  obtained  by  describing  curves  corre- 
sponding to  the  maximum  and  minimum  range  of  tests,  and  locating 
midway  the  curves  of  average  resistance. 

Table  No.  10  is  a  general  combined  average  of  all  the  tests,  without 
reference  to  any  particular  sections. 

These  latter  tables  are  given  only  as  tentative,  and  probably  approxi- 
mating to  a  correct  result,  which  may  be  determined  by  more  careful 
analysis,  aided  by  further  experiments. 
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COMPKESSION  TESTS. 

Flat-ended  Angles. — No.  1. 


Ultimate 

7 

No. 

Shape. 

Size. 

Length. 

Aeea. 

Lbs.  peb 

v 

Bemabes. 

Sq.  Inch. 

r 

In  Inches. 

Ft 

In. 

Hq.  In. 

1 

Angles. 

3    X  3    x| 

8 

o^V 

2.09 

19  569 

158 

2 

21  X  21  X  f 

8 

ol 

1.76 

18  466 

188 

3 

2    X  2    X  T-\ 

8 

Oi 

1.07 

13  738 

235 

4 

li  X  11  X  1 

8 

Oi 

.57 

5  185 

356 

5 

1      X  1      X  y 

8 

01 

.24 

1955 

481 

6 

3    x3    xii 

6 

6i 

2.10 

22  476 

128 

7 

21  X  21  X  i 

6 

6i 

1.76 

20  909 

153 

8 

2    x2    xv\ 

6 

6i 

1.15 

20  013 

191 

9 

1    xl    xj' 

6 

6f 

.23 

2  564 

392 

10 

21  X  2^  X  1 

5 

OfV 

1.74 

26  437 

118 

11 

2    x2    x)^- 

1  xi  xi 

5 

01 

1.15 

21478 

147 

12 

5 

0 

.23 

6  838 

300 

13 

2    x2    X   « 

3 

6i 

1.14 

24  123 

103 

14 

1    xl    xf 

3 

6i 

.23 

16  883 

211 

15 

2^  X  21  X  1 

3 

H 

1.76 

27  841 

83 

16 

2    x2    x). 

3 

6i 

1.14 

28  500 

103 

17 

2x2    xi! 

2 

0 

1.15 

29  217 

59 

18 

1              -1              16 

1     X  1     X  1 

Hx  l^X  1 

2 

0^ 

.24 

31  799 

121 

19 

6 

.67 

37  910 

58 

20 

^  X  1^  X  1 

6 

.67 

32  089 

58 

21 

1     X  1     X  ^ 

1^x1^x1 

6 

.24 

33  330 

90 

22 

0-iV 

.70 

38  944 

39 

23 

1      X  1      X| 

1^x1^x1 

0^ 

.24 

38  818 

61 

24 

0 

6 

.66 

53  030 

19 

25 

1    X  1     x^ 
1x1x1 

li  X  H  X  1  ] 

5|| 

.27 

43  773 

30 

26 

6/ 

.23 

39  780 

30 

27 

.56 

51  400 

23 

28 
29 

IJ  X  1^  X  1 

3J  X  3i  X  1 

10 

.66 
2.42 

46  440 
16  290 

20 
183 

30 

2|  X  2f  X  f 

10 

4 

1.93 

11  530 

225 

31 

^                   4:               o 

4    x3    xif 

15 

4 

3.06 

7  380 

285 

32 

4    X  4    X  i 

15 

2.83 

8  240 

229 

33 

3    X  3    X   7 

15 

2.47 

6  210 

322 

34 

A                   A                 4,  6 

4x4x4 

15 

2.96 

12  400 

228 

35 

2*  X  21  X  1 

15 

€ 

1.72 

4  490 

353 

Same  bar  as  No. 

*-                ^           o 

192. 

36 

2    X  2    X  -4. 

1  0 

15 

01 

1.12 

2  590 

439 

Same  bar  as  No 
194. 

37 

2    x2    iLj\ 

6 

61 

1.15 

20  000 

191 

310 

2    x2    xi 

2 

0 

.92 

36  560 

60 

311 

If  X  If  X  1 

2 

0 

1.03 

32  810 

68 

312 

2    x2    xi 

1 

6 

.92 

33  140 

45 

313 

2    x2    X  i 

1 

0 

.92 

35  900 

30 

314 

2    x2    xi 

H 

.92 

44  000 

15 
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LATERAL  DEFLECTIONS  OF  FLAT-ENDED  ANGLES. 

The  upper  figures  eepbesent  pressures  in  pounds. 

The  figures  below  are  the  corresponding  deflections  in  inches. 


03  nj 

a  a 

0) 

a 
1 

.11 

PPM 

V   o 

M 

1000 
.03 

3  000 
.06 

6  000 
.08 

9  000 
.10 

12  000 
.12 

15  009 
.12 

20  000 
.12 

30  000 
.15 

40  000 
.37 

}  40  900 

1.40 

M 

1000 
.04 

4  000 
.08 

8  000 
.12 

12  000 

.18 

16  000 
.22 

20  000 
.24 

24  000 
.30 

28  000 
.37 

32  000 
.56 

32  500 

1.00 

3{ 

1  OOU 
.03 

2  000 
.05 

4  000 
.06 

6  000 
.06 

8  000 
.06 

10  000 
.09 

12  000 
.19 

14  000 
.38 

j  14  700 

.34 

4  { 

100 

200 

600 

1000 

1400 

1800 

2  200 

2  600 

2  800 

}   2  950 

.06 

.00 

.05 

.07 

.08 

.09 

.10 

.15 

.17 

.22 

100 
.10 
500 
.07 

200 

.12 

5  000 

.11 

300 

.18 

10  000 

.14 

400 

28 

15  000 

.12 

}    475 
}  47  200 

5  1 

.00 

6  { 

20  000 
.11 

25  000 
.11 

30  000 
.12 

40  000 
.15 

45  000 
.19 

.77 

7  •; 

1000 

4  000 

8  000 

12  000 

16  000 

20  000 

24  000 

30  000 

35  000 

}  36  800 

.37 

.09 

.13 

.16 

.18 

.19 

.19 

.21 

.24 

.31 

500 
.05 
100 
.04 
500 
.03 

3  000 
.12 
200 
.04 

3  000 
.06 

6  000 
.14 
300 
.05 

5  000 
.09 

9  000 
.14 
400 
.05 
10  000 
.10 

12  000 

.14 

500 

08 

15  000 
.10 

15  000 
.16 

18  000 
.33 

}  18  500 
[    600 
}  46  050 

8  ■ 

.5& 

9  1 

.00 

10  { 

25  000 
.11 

35  000 
.12 

40  000 
.14 

45  000 
.25 

.70 

11  { 

500 
.02 

3  000 
.03 

6  000 
.02 

9  000 
.06 

12  000 
.10 

15  00(1 
.12 

18  000 
.14 

21000 
.18 

24  000 
.32 

}  24  700 

.81 

12  j 

100 
.06 

300 
.14 

500 
.17 

700 
.22 

900 
.23 

1  100 
.26 

1300 
.30 

1500 
.40 

i   1600 

.00' 

500 
.00 
100 

5  000 
.00 
400 

lOOOo 
.01 
800 

15  000 

.02 

1200 

20  000 

.05 

1600 

25  000 

.15 

2  0U0 

1  27  500 
1   3  900 

13  1 

.45 

14  j 

2  6(J0 

3  200 

3  800 

.15 

.03 

.04 

.04 

.04 

.03 

.03 

.05 

.08 

.26 

15  { 

5  000 
.00 

10  000 
.02 

15  000 
.03 

20  000 
.03 

25  000 
.03 

30  000 
.03 

35  000 
.04 

40  000 
.04 

45  000 
.05 

[  49  000 

.23- 

500 
.04 
500 
.01 
200 
.03 

5  000 
.05 

5  000 
.01 

1000 
.0:3 

10  000 

.08 

10  000 

.02 

2  000 

.05 

15  000 
.10 

15  000 

.02 

3  000 

.07 

20  000 
.12 

20  000 

.02 

4  000 

.08 

25  000 
.14 

25  (jdO 

.03 

5  000 

.09 

30  000 
.17 

30  000 

.04 

6  000 

.10 

[  32.500 
}  33  600 
j   7  600 

16  1 

.92 

17  1 

.28 

18  { 

7  000 
.11 

.47 

19 

500 
.00 

3  000 
.00 

6  0(10 
.00 

9  000 
.01 

12  000 
.01 

15  000 
.01 

18  000 
.01 

21000 
.01 

24  000 
.01 

(  25  400 

.23 

20  ; 

500 
.06 

3  000 
.06 

6  000 
.06 

9  000 
.07 

12  000 
.07 

15  000 
.07 

18  000 

.08 

21  000 
.10 



}  21  500 

.23 

21  j 

200 
.03 

1000 
.03 

2  000 
.03 

3  000 
.03 

4  000 
.03 

5  000 
.04 

6  000 
.04 

7  0(J0 
.05 

}   8  000 

.50 

500 
.00 
300 
.01 
500 
.00 
300 
.01 

4  000 
.00 

2  000 
.01 

5  000 
.00 

3  000 
.01 

8  000 

.00 
4  000 

.01 
10  000 

.00 
6  000 

.01 

12  000 

.00 

6  000 

.02 

20  000 

.00 

9  000 

.02 

16  000 

.00 

8  (jOO 

.02 

25  000 
.00 

20  000 
.00 


24  000 
.00 

}  27  300 
}   9  200 
}  35  000 
j  11  950 
[   9  150 
}  28  800 
I  30  650 
j  39  425 
j  22  250 
j  22  600 
i  23  325 
j  15  400 
36  550 

22  1 

.11 

23  ] 

.14 

30  000 
.02 

Crushed, 

24  1 

.25 

25  1 

Crushed. 

26  1 

Crushed. 

27  1 



Crushed. 

28  1 

29  1 

Defl 

ection 

10  000 

.37 

10  000 

.40 

5  000 

.44 

5  000 

.18 

not  rec 

20  000 
.80 

20  000 
1.18 

10  000 
.87 

10  000 
.37 

orded. 

30  1 



31  1 

32  1 

15  000 

1.50 

15  000 

.40 

33  1 

34  { 

20  000 
.44 

25  000 
.56 

30  000 
.68 

35  000 
1.12 

5  000 
.50 

i   7  725 
[   2  910 

35  1 

36  1 
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COMPRESSION     TESTS 


Flat-ended  Tees. — No.  2, 


Ultimate 

I 

No. 

Shape. 

Size. 

Length.     | 

Area. 

Lbs.  pek 

Bemauks. 

Sq.  Inch. 

r 

In  Inches. 

Ft. 

In. 

Sq.  In. 

40 

T 

3x3 

8 

^^\ 

2  55 

19  020 

155 

41 

<  ( 

21  X  2|- 

8 

0   3 

1.73 

15  896 

175 

42 

(( 

2"  X  2 

8 

4 

.97 

12  346 

224 

43 

<( 

1*  X   li 

8 

OA 

.54 

9  158 

301 

44 

«' 

l"    X   1 

8 

01 

.30 

1  923 

370 

45 

(( 

3x3 

6 

6i 

2.55 

126 

No  failure  at  50  000  lbs. 

46 

c< 

n  X  2j 

6 

61 

1.74 

17816 

142 

47 

<< 

2x2 

6 

61 

.97 

12  873 

182 

48 

" 

n  X  n 

6 

6A 

.53 

12  195 

245 

49 

(( 

1      X    1 

6 

L  O 

.30 

2  676 

301 

50 

(( 

n  X  2j 

5 

01 

1.74 

28  330 

110 

51 

(( 

2x2 

5 

01 

.99 

2  s  398 

140 

62 

(< 

n  X  li 

5 

Ot5 

.53 

12  596 

188 

53 

( f 

1      X    1 

5 

1  o 

.30 

6  333 

231 

54 

(( 

^  X  2i 

3 

^16 

1.74 

77 

No  failure  at  50  000  lbs. 

55 

(< 

2x2 

3 

.99 

30  272 

98 

56 

(1 

IJx  IJ 

3 

.56 

34  392 

132 

57 

( ( 

1      X  1 

3 

'    1  o 

6 

.29 

16  216 

162 

68 

c  ( 

2x2 

2 

0 

.96 

39  167 

56 

59 

(( 

IJ  X  li 

2 

0* 
6 

.56 

37  743 

75 

60 

( ( 

1      X    1 

2 

.29 

38  584 

92 

61 

( ( 

IJ  X  11 

1 

.57 

40  526 

56 

62 

( ( 

1x1 

1 

6 

.30 

36  667 

69 

63 

<  ( 

1*  X   IJ 

1 

0 

.52 

39  810 

37 

64 

(< 

1x1 

1 

OtV 

.29 

40  938 

46 

65 

<( 

Hx  11 

"16 

6 

.57 

49  298 

19 

66 

<( 

H  X  ^ 

6 

.52 

45  800 

19 

67 

<( 

H  X  1^ 

6i 

.52 

55  000 

19 

68 

<  ( 

li  X   11 

4 

6 

.44 

44  500 

23 

69 

(( 

1x1 

.28 

47  700 

23 

70 

( ( 

1^  X  IJ 

8 

oi 

.55 

6  360 

300 

71 

( ( 

1x1 

8 

v'4 

.30 

2  660 

370 

72 

(( 

n  X  ]j 

6 
15 

.54 

9  260 

244 

73 

(( 

4*'  X  4 

"8 

0^ 

3.65 

215 

No  failure  at  50  000  lbs. 

74 

( ( 

2x2 

15 

0* 

.90 

'3' 200 

420 

75 

<( 

3x3 

15 

*-'2 

0 

2.39 

8  840 

291 

315 

(< 

2x2 

2 

.98 

34  900 

56 

316 

( ( 

2x2 

1 

6 

.98 

34  980 

42 

317 

( ( 

2x2 

1 

0 

.98 

38  800 

28 

318 

<  1 

2x2 

^16 

.98 

50  900 

14 
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LA.TERAL  DEFLECTIONS  OF   FLAT-ENDED  TEES. 

The  upper  figures  represent  pressures  in  pounds. 

The  figures  below  are  the  corresponding  deflections  in  inches. 


|2 

ent 
on. 

^ 

a  ^ 

a-s 

a 

a  " 

U 

3. 

■^  « 

^' 

pS 

r& 

40  { 

1000 

5  000 

10  000 

15  000 

20  000 

25  000 

30  000 

35  000 

45  000 

.06 

.09 

.12 

.15 

.18 

.20 

.23 

.25 

.41 

1  48  500 

1.87 

41  { 

1000 
.00 

5  000 
.12 

7  900 
.15 

9  000 
.20 

13  000 

.28 

17  000 
.31 

21  000 
.35 

25  000 
.40 

27  000 
.43 

}  27  500 

.81 

500 
.07 
300 
,02 
50 

2  500 
.12 

1000 
.07 
100 

5  000 
.15 

2  000 
.08 
150 

7  000 
.18 

3  000 
.09 
200 

9  000 
.22 

4  000 
.10 
250 

11000 

.32 

6  000 

.40 

300 

1  12  000 

[   5  020 

42  1 

.56 

43  ] 

.10 

44! 

350 

400 

500 

.05 

.06 

.11 

.13 

.16 

.17 

.20 

.22 

.41 

[    575 

.08 

45  1 

500 

5  000 

10  000 

15  000 

20  000 

25  000 

30  000 

40  000 

50  000 

.05 

.08 

.09 

.10 

.10 

.11 

.11 

.13 

.15 

[  No  fa 

ilure. 

46 

500 
1   .05 

2  000 
.08 

6  000 
.16 

10  000 
.20 

14  000 
.24 

18  000 
.25 

22  000 
.27 

26  000 
.30 

30  000 
.43 

j  31  000 

1.12 

47  { 

No  I'd 

500 

1  000 

2  000 

4  000 

6  500 

8  500 

10  500 

11600 

) 

.08 

.15 

.22 

.30 

.36 

.44 

.50 

.64 

.67 

[  12  500 

.60 

48  { 

100 

500 

1000 

1  500 

2  000 

3  000 

4  000 

5  000 

6  000 

.03 

.02 

.03 

.05 

.06 

.09 

.12 

.17 

.31 

[   6  500 

.34 

49  j 

50 

100 

150 

200 

300 

400 

500 

600 

700 

.02 

.03 

.04 

.04 

.05 

.06 

.08 

.15 

.35 

[    800 

.07 

50 

500 

5  000 

10  000 

15  000 

20  000 

25  000 

30  000 

40  000 

45  000 

.08 

.05 

.06 

.06 

.07 

.07 

.08 

.10 

.14 

\     49  300 

1.31 

51  { 

500 
.05 

2  000 
.05 

6  000 
.06 

10  000 
.07 

14  000 
.08 

18  00b 
.09 

22  000 
.09 

24  000 
.10 

26  000 
.10 

}  28  000 

1.12 

52  j 

100 
.01 

500 
.03 

1000 
.07 

2  000 
.13 

3  000 
.17 

4  000 
.24 

5  0(10 
.28 

6  000 
.36 

6  600 
.42 

}   6  700 

.80 

53  j 

100 
.02 

200 
.03 

300 
.04 

600 
.05 

900 
.06 

1  200 
.07 

1500 
.10 

1800 
.14 

45  00( 
.02 

24  000 
.03 

1900 
.18 

50  000 
.03 

27  000 
.06 

}   1910 
}  No  fa 
}  30  000 

.00 

64  1 

No  de 

12  000 

.02 

flectio 

15  000 

.02 

ns 

ilure. 

55  j 

500 
.02 

6  000 
.02 

9  000 
.02 

18  000 
.02 

21  000 
.03 

.11 

56  { 

500 
.02 

2  000 
.02 

4  000 
.02 

6  000 
.03 

8  000 
.03 

12  000 
.03 

14  000 
.04 

16  000 
.05 

18  000 
.06 

}  19  500 

.95 

57  j 

200 

1000 

2  000 

3  000 

3  600 

4  000 

4  200 

4  400 

4  600 

}   4  800 

.02 

.02 

.02 

.02 

.04 

05 

.07 

.09 

.12 

.14 

58  { 

500 
.00 

5  000 
.00 

10  000 
.01 

15  000 
.01 

20  000 
.01 

25  000 
.01 

30  000 
.01 

36  000 
.01 

}  37  610 

.58 

59  { 

500 
.00 

2  000 
.01 

6  000 
.01 

10  000 
.01 

12  000 
.01 

14  000 
.01 

17  000 
.02 

20  000 
.02 

}  21  400 

.40 

60  { 

200 
.01 

1000 
.01 

2  000 
.01 

3  000 
.01 

4  000 
.01 

5  000 
.01 

6  000 
.01 

8  000 
.02 

10  000 
.03 

}  11 500 

.54 

61  { 

500 
.01 

3  000 
.01 

6  000 
•   .01 

9  000 
.01 

12  000 
.01 

15  000 
.01 

18  000 
.01 

21000 
.02 

}  23  100 

.18 

62  { 

200 
.01 

3  000 
.01 

4  000 
.02 

5  000 
.02 

6  000 
.02 

7  000 
.02 

8  000 
.03 

9  000 
.03 

10  000 
.03 

}  11 000 

.52 

/ 

500 
.00 
500 
.00 

3  000 
.00 

2  000 
.00 

6  000 
.00 

4  000 
.00 

9  000 
.00 

6  000 
.00 

12  000 

.00 

8  000 

.00 

15  000 
.00 

10  000 
.01 

18  000 
.03 

12  000 
.02 

}  20  900 
}  12  200 

63  ) 

.14 

64  { 

.20 

65  { 

500 
.00 
500 
.00 

5  000 
.OU 

5  000 
.00 

10  000 
.00 

10  000 
.00 

No  d 
<< 

2  000 

600 

.10 

1000 

15  000 
.00 

15  000 
.00 

eflectio 

3  000 
.40 
700 
.15 

1  500 

20  000 
.00 

20  000 
.01 

ns  .... 

25  000 
.02 

}  28  100 
I  23  800 
}  28  600 
}  19  610 
13  350 
I   3  500 
j    800 
1   5  000 

.06 

66  { 

i 

.06 

67  { 

68  j 

1 

69  j 

70  j 

300 
.12 
200 
.08 
300 

1000 
.17 
300 
.08 
500 

.47 

71  { 

.08 

72  { 

2  000 

2566 

3  000 

4  000 

5  000 

.62 

.13 

.13 

.17 

.19 

.22 

.24 

.27 

.35 

.54 

73  { 

10  000 
.21 
250 

500 

20  000 
.28 

2  500 
.60 

5  000 
.03 

30  000 
.28 

40  000 
.31 

50  000 
.34 

\     No  fa 

[   2  900 

21  125 

ilure. 

74  { 



.00 

75  { 

10  000 
.22 

20  000 
.47 

98 


CHRISTIE   ON"   WROUGHT-IRON"   STRUTS. 


COMPRESSION     TESTS. 

Hinged-Ended  Angles. — No.  3. 


Ultimate: 

I 

No. 

Shape. 

Size. 

Length. 

Akea. 

Lbs.  per 
Sq.  Inch. 

r 

Bemabes. 

In  Inches. 

Ft.   Ins. 

Sq.  In. 

80 

Angles. 

3    x3    x| 

8     41 

2.11 

13  199 

164 

2"  ball  and  socket. 

81 

( ( 

2h  X  21  X  1 

8    4.^t 

1.77 

13  898 

196 

((      (<      <(         (( 

82 

i( 

2    x2"x-i\ 

8     3i 

1.13 

3  982 

242 

y      i(       <t          It 

83 

' ' 

2    x2    xA 

8     3i 

1.13 

7  080 

242 

Same  bar  as  above, 
properly   centred. 

84 

( ( 

lix  Iixi 

8     3A 

.56 

4  956 

367 

1"  ball  and  socket. 

85 

( ( 

1    X  1     x^ 

8     31 

.24 

1  440 

496 

<<      <(      <(         (1 

86 

(( 

3    X  3    x| 

6  IO3V 

2.14 

134 

No  failure  at  50  000 
lbs. 

87 

(( 

Z^  X  ^2   X  %■ 

6  101 

1.74 

22  989 

161 

2"  ball  and  socket. 

88 

( i 

2    x2    x-,%- 

6     9f 

1.12 

6  964 

198 

1"     "      " 

( 

89 

i  ( 

2x2    x-^g 

6     91 

1.15 

8  087 

198 

■^11     <  (      <  ( 

( 

90 

<  < 

1      X  1      X  ^ 

6     91 

.24 

1  569 

407 

2 "     <  <      < « 

( 

91 

i  < 

2J  X  2i  X  ^% 

5    4J^ 

1.31 

27  863 

128 

2"     " 

( 

92 

i  i 

21  X  21  X   9; 

5     4-,V 

1.31 

18  321 

128 

1 "     ( (      ( ( 

< 

93 

(( 

21  X  2i  X  1 

5     4| 

1.78 

22  191 

126 

2"     «<      " 

( 

94 

( ( 

2        X2        Xr.\- 

5    31 

1.13 

10  619 

154 

1 "     <  (      <  ( 

( 

95 

( ( 

1  6 
1      X  1      X^ 

1     X  1     X  i 

5     3 

.23 

5  769 

315 

1 "     ( (      ( ( 

( 

96 

C( 

5     3A 

.24 

2  929 

316 

Slightly  out  of 

0 

centre. 

97 

( < 

^2   X  22  X  -g^ 

3  lOf,- 

1.74 

27  759 

91 

2"  ball  and  socket. 

98 

(( 

2    X  2    X  1% 

3     9^^ 

1.15 

15  826 

110 

1 "     ( (      ( (         ( ( 

99 

(( 

1    xl    x^ 

3              dl^Q 

.23 

11  454 

225 

-I "     ( (      <  (         <  ( 

100 

(( 

^2  -^  ^2  ^  i 

2     4,V 

1.74 

56 

No  failure  at  50  000 
lbs. 

101 

( < 

2x2    x~^,- 

2     3A 

1.14 

27  632 

66 

1"  ball  and  socket. 

102 

1  ( 

1     X  1     x^ 

2     3 

.24 

31  660 

135 

1 "     ( <      ( (         <  ( 

103 

(C 

1     X  1     x^ 

1  lli^ 

.24 

38  600 

119 

-til       a        11            (I 

104 

I< 

1^x11x1 

1     9 

.67 

35  821 

68 

1 "       <  (        ( (            ( ( 

.105 

(( 

1      X  1      X  J 

1     9 

.24 

36  250 

105 

-^11        l(         a              a 

106 

(( 

1    xl    x^ 

1     811 

16 

.23 

38  600 

103 

1  '/        a         ( (              n 

107 

(( 

IJxlixi 

1     3 

.71 

36  880 

48 

y        it         a              11 

108 

<c 

1      Xl      X   ^ 

1     3i 

.24 

42  194 

76 

■ill       ( c        ( (            ( ( 

109 

( i 

1      X  1     X  1 

1     213 

.23 

42  500 

74 

1  "          C  (            it                 < ( 

110 

I  < 

1     X  1     x^ 

9 

.27 

41  482 

45 

Iff        ti         a             <  ( 

111 

«( 

I5X  IJ^xi 

9 

.66 

42  576 

29 

j^;;        ((         <(              it 

112 

<« 

1    X  1     x^ 

6i 

.23 

41  200 

34 

1"  pins 

113 

(( 

H  X  11  X  1 

6ii 

.56 

44  330 

25 

1"        " 

114 

(< 

IJxlixi 

6A 

.66 

43  520 

21 

-til        (( 

115 

(( 

4    X  4    X  1 

15    4:-,%- 

2.81 

4  980 

234 

2"  ball  and  socket. 

116 

( ( 

4    X  4    x  1 

15    4i 

2.83 

4  780 

231 

2"  pins. 

117 

(( 

4    x3    xif 

15     5f 

3.06 

7  020 

290 

2"  ball  and  socket. 

118 

<( 

2|  X  2f  X  1 

10  101 

1.93 

8  650 

233 

2"     "      "         " 

119 

( ( 

Si  X  3|  X  f 

10  101 

2.42 

15  770 

189 

0 "     ( <      ( (         ( ( 

120 

" 

3    x3    xfe 

15     3f 

2.52 

5  970 

329 

On        ii          <(               << 

121 

(( 

Same  Bar. 

15    3f 

2.52 

2  940 

329 

1  "         ( (          ( <               t( 

122 

(( 

2    x2    x-i^ 

15    4/g 

1.12 

1  600 

449 

0 "       a         ( (             a 

123 

<  ( 

Same  Bar. 

15    4-,=*g- 

1.12 

1  380 

449 

1  "       ( <        <  (             ( ( 

124 

( ( 

3    X  3    X  f e 

15     115 

2.52  > 

5  600 

325 

2"  pins. 

125 

( I 

4    X  4    X  1 

1  0 

15     2t 

2.81 

15  100 

231 

2"     " 

126 

1 1 

4    x3    xif 

15     5| 

3.06 

8  820 

290 

2"     " 
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LATERAL  DEFLECTIONS  OF  HINGED-ENDED  ANGLES. 

The  upper  figures  represent  pressures  in  pounds. 

The  lower  figures  are  the  corresponding  deflections  in  inches. 


500 
.02 
500 
.02 
500 
.04 
500 
.0) 
100 
.05 

loo 

.03 
500 
.02 
500 
.03 
500 
,03 
500 
.02 
100 
.11 
500 
.03 
500 
.02 
500 
.02 
500 
.03 
100 
.02 
100 
.02 
500 
.02 
500 
.01 
200 
.02 
500 
.01 
500 
.00 
200 
.05 
500 
.02 
500 
.01 
200 
.02 
5U0 
.02 
500 
.01 
300 
.01 
500 
.01 
300 
.01 


5  000 
.05 

5  000 
.03 

2  000 
.07 

1000 
.04 
400 
.06 
200 
.06 
10  000 
.03 

5  000 
.05 

3  000 
.04 

3  000 
.03 
200 
.13 

3  000 
.03 

3  000 
.03 

3  000 
.02 

3  000 
.03 
300 

03 

300 

.02 

10  000 

.03 

4  000 
.02 
600 
.02 

Nod 

5  000 
.01 

1000 
.06 

lOUO 
.03 

3  000 
.01 

1  000 
.02 

1000 
.03 

4  000 
.01 

2  000 
.01 

2  000 
.01 

3  000 
.01 


10  000 

.07 

10  000 

.04 

4  000 
.30 

2  000 

.04 

800 

.07 

300 

13 

15  000 

.03 

10  000 

04 

6  000 
.08 

6  000 
.04 
300 
.17 

6  000 
.03 

6  000 
.03 

9  000 
.03 

6  OUO 
.04 
400 
.03 
500 
.03 
15  000 
.03 

8  000 
.03 

1  000 
.02 

eflectio 

10  000 

.01 

2  000 
.06 

2  000 

.03 
6  000 

.01 
2  000 

.02 
2  000 

.03 
8  000 

01 
4  000 

.01 
4  000 

.01 
6  000 

.01 


15  000 
.09 

15  000 
.06 


3  000 
.04 

1  200 
.07 


20  000 
.03 

15  000 
.04 


9  000 
.22 


12  000 

.03 

9  000 

.03 

15  000 

.05 

9  000 

.05 

500 

.04 

600 

.45 

20  000 

.04 

12  000 

.08 

1  400 

.02 

n  and 
15  000 

.01 
3  000 

.07 
3  000 

.03 
9  000 

.01 
3  000 

.02 
3  000 

.03 
12  000 

.01 
6  000 

.01 
6  000 

.01 
9  000 

.01 


20  000 
.12 

20  000 
.11 


4  000 

.03 

1600 

.07 


25  000 
.04 

20  000 
.04 


18  000 
.03 

12  000 
.03 

21000 
.07 

12  000 
.07 
600 
.04 


25  000 
.04 

16  000 

.19 

1800 

.03 

no  fail 

20  000 

.02 

4  000 

.07 

4  000 

.03 

12  000 

.01 

4  000 

.02 

4  000 

.03 

16  000 

.01 

8  000 

.01 

8  000 

.02 


25  000 
.18 


5  000 
.03 

2  000 
.07 


30  000 
.04 

25  000 
.05 


24  000 
.02 

15  000 
.04 

27  000 
.10 


700 
.05 


30  000 
,05 


3  000 
03 

ure  wi 

25  000 

.03 

5  000 

.07 

5  000 

.03 

15  000 

.01 

5  000 

.02 

5  000 

.03 

20  000 

.01 

10  000 

.03 


6  000 
.05 

2  400 
.07 


35  000 
.05 

30  000 
.05 


30  000 
.03 

18  000 
.05 

33  000 
.13 


800 
.05 


35  000 
.05 


2  200 
.03 

th  50 

30  000 

.03 

6  000 

.09 

6  000 

.03 

18  000 

.01 

6  000 

.02 

6  000 

.03 

24  000 

.01 


7  000 
.05 


40  000 

05 

34  000 

'.07 


33  000 
.04 

21000 
.11 

36  000 
.16 


1  000 

.05 


40  000 
.07 


2  400 
.05 

000  lbs. 


7  000 

.10 
7  000 

.03 
21000 

.02 
7  000 

.02 
7  000 

.03 


50  000 
.06 

38  000 
.10 


36  000 
.07 

24  000 
.64 

39  000 
.24 


1300 
.05 


45  000 
.09 


000 
.05 


000 
.03 
000 
.05 


3  «! 

.2  as 

5l 

a>  o 

27  850 

.20 

24  600 

.33 

4  500 

.05 

8  100 

.05 

2  800 

.00 

350 

.00 

No 

failure 

.00 

40  000 

7  800 

.05 

9  300 

.05 

375 

.00 

36  500 

1.00 

24  010 

.64 

39  500 

.75 

12  010 

.48 

1350 

.00 

700 

.00 

48  300 

.64 

18  200 

.50 

2  600 

.03 

31500 

.30 

7  600 

.31 

9  000 

.28 

24  000 

.28 

8  700 

.46 

9  000 

.28 

26  000 

.21 

10  010 

.29 

9  900 

.27 

11  200 

.17 

100 


CHKISTIE   ON    WKOUGHT-IRON   STRUTS. 
LATERAL  J)EFL,BCTIO^— {Continued). 


a 

Nod 

10  000 
.22 

10  000 
.31 

20  000 
.18 

PPh 

Permanent 
Deflection. 

111 

eflectio 

n  with 

25  000 

lbs. 

28  100 

9  475 

24  825 

28  725 

14  000 

13  800 
21500 

16  700 
38  175 

14  925 
7  400 

1900 
1550 

14  000 
42  425 
27  020 

.21 

112 

Crushed. 

113 

<( 

114 

,, 

115  { 

5  000 
.09 

5  000 

.12 

10  000 

.06 

) 

} 

.00 

) 

116  1 

117  { 

118 

! 

.00 

) 

::} 

.00 

.00 

119 

.00 

120  j 

121  { 

122 

5  000 
.06 

5  000 
.16 

10  000 
.12 

\ 

.::::::! 

.00 

) 

..:.:  1 

.00 

.00 

123 

5  000 
.06 

5  000 

.06 

10  000 

.00 

.00 

10  000 
.19 

) 

124  1 

125  { 

1 

.00 

15  000 

.06 

20  000 

03 

25  000 
.06 

35  000 
.03 

40  000 
.19 

\ 

...:  J 

.00 

126  { 

) 

) 

.00 

CHRISTIE   ON    WROUGHT-IRON    STRUTS. 
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COMPKESSION    TESTS 
Binged-Ended  Tees. — No.  4. 


Ultimate 

I 

No. 

Shape. 

Size. 

Length. 

Aeea. 

Lbs.  per 

— 

Bemabks. 

Sq  Inch. 

r 

In  Inches. 

Ft. 

Ins. 

/Sg.  In. 

130 

T 

3x3 

8 

4i 

'2A1 

13  117 

161 

2''  ball  and  socket. 

131 

2J  X  2^ 

8 

41 

1  74 

11  207 

182 

2"      "       "         " 

132 

2x2 

8 

3i 

.97 

10  597 

231 

j^//     ((       ((         tt 

133 

^  X  li 

8 

3i 

.53 

4  672 

310 

-^//            4t                 <(                      i« 

134 

1x1 

8 

Q   3 
"^T6 

.30 

2  425 

381 

-^//            it                 (<                      «t 

135 

3x3 

6 

lOye 

2,54 

133 

No  failure  at  50  000  lbs. 

136 

^  X  21 

6 

lof 

1.74 

16-379 

150 

2'^  ball  and  socket. 

137 

2x2" 

6 

9| 

.98 

11  495 

189 

V     " 

138 

H  X  1^ 

6 

n 

.54 

9  870 

254 

]^//     (( 

139 

1      X   1 

6 

q  3 

.29 

2  542 

312 

;[//     (( 

140 

2ix  21 

5 

48^ 

1.74 

17  529 

117 

2'/     «< 

141 

2x2 

5 

3i 

.96 

19  311 

147 

y/       n 

142 

li  X  IJ 

5 

q  i 

.53 

11  278 

197 

V     " 

143 

1       X    1 

5 

3  A 

.30 

4  660 

243 

-^^/     (( 

144 

n  X  2i 

3 

lOi 

1.74 

27  874 

84 

2'/     a 

145 

2x2 

3 

9i 

.96 

21  532 

105 

y/     1 1 

146 

H  X  H 

3 

9 

.54 

14  925 

141 

V     " 

147 

2i  X  21 

3 

lOi 

1.74 

28  736 

84 

2^/       a 

148 

1      X  1 

3 

9i- 

.30 

10  067 

174 

y/        (C 

149 

li  X  H 

3 

9i 

.55 

19  100 

141 

]^//       li 

150 

Hx  li 

3 

q  3 

.46 

19  100 

167 

-^//       (( 

(        < 

151 

2x2 

3 

H 

.96 

21  460 

105 

-j^//       t(          ((              i 

152 

2i^  X  2J 

2 

1.74 

51 

No  failure  at  50  000  lbs. 

153 

2x2 

2 

.96 

32  292 

63 

V  ball  and  socket. 

154 

^  X  li 

2 

3 

.53 

29  "524 

84 

J//        a           a              n 

155 

li  X  li 

1 

11 

.46 

36  300 

85 

|//        ((           <(              it 

156 

1    xl 

1 

f' 

.31 

34  200 

89 

1//       it          a             a 

157 

li  X  li 

1 

.57 

36  667 

66 

1/'       <<          (<            <t 

158 

1^   X   11 

1 

Hi 

.52 

22  690 

72 

V^  ball     and    socket, 

i 

retested  bar. 

159 

li  X  H 

1 

3 

.51 

36  765 

47 

y^  ball  and  socket. 

160 

;        li  X  U 

9i 

.56 

47  846 

29 

•j^//     «<       (<         11 

161 

li  X  li 

815 

.56 

43  850 

28 

]  //     ( (       ti        « i 

162 

li  X  H 

.52 

45  860 

21 

y  pin. 

163 

li  X   li 

4 

.44 

37  600 

25 

y     " 

164 

1      X    1 

4i 

.28 

43  750 

26 

1 //        c« 

165 

li  X  U 

8 

6> 

.45 

2  440 

378 

r'  ball  and  socket. 

166 

4-                      ^ 

4x4 

15 

4 

3.65 

217 

No  failure  at  50  000  lbs. 

167 

3x3 

15 

if 

2.38 

*9'876 

293 

2''  pin. 

168 

2x2 

15 

3| 

.90 

1  780 

427 

1"'  ball  and  socket. 
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CHRISTIE    ON    WROUGHT-IRON    STRUTS. 


LATERAL   DEFLECTIONS  OF  HINGED-ENDED  TEES. 

The  upper  figures  represent  pressures  in  pounds. 

The  figures  below  are  the  corresponding  deflections  in  inches. 


+5 

a 

CO  <c 

B 

gOQ 

r-'   f-i 

u 

^ 

15  000 
.05 

P^ 

5!)0 
.03 

5  000 
.03 

10  000 
.04 

20  000 
.06 

25  000 
.10 

30  000 
.25 

}  32  400 

130  { 

.48 

500 
.03 
500 
.04 

3  000 
.05 

1000 
.05 

6  000 
.06 

3  000 
.05 

9  000 
.07 

5  000 
.05 

12  000 

.08 

6  000 

.05 

15  000 

.13 

7  000 

.06 

18  000 

.25 

8  000 

.07 

1  19  500 
1  10  300 

131  j 

.43 

132  j 

9  000 
.10 

10  000 
.16 

.08 

500 
.03 
100 
.05 

1000 
.03 
200 
.06 

1500 
.04 
300 
.07 

2  000 
.05 
400 
.08 

}   2  500 
}    725 

•  133  1 

.00 

500 
.09 

600 
.11 

700 
.20 

134  1 

.05 

135  j 

500 

5  000 

15  000 

25  000 

30  000 

35  000 

40  000 

45  000 

50  o66 

)   No 

.07 

.02 

.04 

.05 

.06 

.06 

.07 

.07 

.08 

.10 

\   failure 

500 
.03 

5  000 
.03 

10  000 
.03 

15  000 
03 

20  000 
.04 

23  500 
.09 

25  000 
.13 

}  28  500 

136  1 

1.03 

137  j 

500 
.03 

2  000 
.04 

4  000 
.05 

6  000 
.06 

7  000 
.06 

8  000 
.07 

9  000 
.08 

10  000 
.11 

11  000 
.14 

}  11  300 

.15 

138  j 

500 
.02 

1000 
.02 

2  000 
.02 

2  500 
.02 

3  000 
.03 

3  500 
.04 

4  01)0 
.05 

4  500 
.07 

5  000 
.09 

1   5  300 

.07 

139  { 

100 

200 

300 

400 

500 

550 

600 

650 

700 

j    750 

.00 

.03 

.04 

05 

.06 

.07 

.07 

.08 

.13 

.17 

1   500 

1   .00 

5  000 
.01 

10  000 
.02 

15  000 
.02 

20  000 
.04 

25  000 
.07 

30  000 
.20 

}  30  500 

140  1 

.88 

141  j 

I   500 
.03 

4  00U 
.03 

6  000 
.03 

8  000 
.03 

10  0U9 
.03 

12  000 
03 

14  000 
.03 

16  666 

.04 

18  666 
.10 

j  18  500 

.62 

100 
.02 

1000 

2  000 
No  fur 

3  000 
ther  d 

4  000 
eflectio 

5  000 
n. 

}   6  000 

142  1 

.00 

143  j 

100 
.05 

200 
.06 

400 
.08 

600 
.08 

800 
.09 

1  000 
.10 

1200 
.11 

1300 
.12 

1400 
.18 

}   1410 

.00 

144  j 

500 
.00 

10  000 
.00 

15  000 
.00 

20  000 
.02 

25  000 
.02 

30  000 
03 

35  000 
.03 

40  000 
.03 

45  000 
.05 

1  48  500 

.90 

145  j 

500 
.02 

4  000 
.03 

8  000 
.05 

10  000 
.06 

12  000 
.07 

14  000 
.08 

16  000 
.10 

18  000 
.12 

20  01)0 
.16 

j  20  800 

.44 

146  j 

500 
.01 

1000 
.01 

2  000 
.01 

3  000 
.02 

4  000 
.03 

5  000 
.04 

6  000 
.05 

7  000 
.16 

8  000 
.26 

}   8  010 

.75 

147  { 

500 
.02 

10  000 
.03 

20  000 
.03 

25  000 
.04 

30  000 
.05 

35  000 
.05 

40  000 
.05 

45  0110 
,06 

50  000 
.10 

}  50  000 

.78 

148  { 

200 
.02 

1000 
.02 

1600 
.02 

1800 
.03 

2  000 
.03 

2  200 
.03 

2  400 
.03 

2  600 
.04 

2  800 
.04 

}   3  000 

.00 

500 
1   .03 
!   500 

.02 
i   500 

.03 
1   500 

2  000 
.03 

2  000 
.02 

5  000 

.04 

10  000 

4  000 

.04 

4  000 

.02 

10  000 

.06 

20  000 

6  000 

05 

6  000 

02 

15  000 

.08 

30  001) 

8  000 

.06 

8  000 

.02 

20  000 

.11 

40  000 

10  000 
.09 

}  10  520 
}   8  800 

}  20  610 

)      No 

149  1 

.34 

150  1 

.35 

151  1 

.72 

152  { 

50  000 

.02 

01 
500 
,02 
500 
.02 
500 
.01 

.01 
5  000 

.02 
3  OOD 

.02 
1000 

.02 

.01 

10  000 

.02 

6  000 

.03 

3  000 

02 

.02 

20  000 

.02 

9  000 

.04 

6  000 

.03 

.02 
30  000 

03 
12  000 

05 
9  000 

.03 

.03 

)  failure 
}  30  990 

}  15  450 

}  16  710 

153  j 

.39 

15  000 
.07 

12  000 
.04 

154  1 

.50 

155  { 

14  000 
.04 

16  000 
.05 

.32 

( 

500 
.01 
500 
.02 

5  000 
.01 

7  000 
.01 

8  000 
.02 

9  000 
.02 

10  000 
.03 

}  10  550 
}  20  966 

156  ] 

.26 

15  000 
.("3 

18  000 
.03 

157  < 

No  d 

eflectio 

n  up 

to 

.38 

158  { 

500 
.02 

500 
.00 
500 
.00 
500 
.00 

8  000 
.02 

10  000 
.04 

}  11775 
}  18  750 
}  26  720 
}  22  800 

.29 

159  { 

18  000 

.02 

25  000 

.(•2 

No  d 

eflectio 

n  up 

to 

.19 

160  1 

No  d 

eflectio 

u  up 

to 

.10 

161  j 

No  d 

eflectio 

n  befor 

e  failu 

re. 

.20 

CHEISTIE   ON   WROUGHT-IRON^   STRUTS. 
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LATERAL  DF^FI^BCTIO^H- {Continued). 


Number. 

S6 
V-;  CO 

a 

162 

23  850 
16  550 
12  260 

j       1100 

)      No 
j  failure 

}     23  490 
1610 

163 

164 

• 

165  { 

166  { 

167  { 

168 

300 
.10 

500 

.15 
5  000 

.00 
5  000 

.00 

700 

.22 
10  000 

.03 
15  000 

.06 

900 
.25 

.00 

15  000 
.06 

25  000 
.09 

35  000 
.12 

45  000 
.18 

50  000 
.25 

.00 

.00 

COMPRESSION   TESTS. 
Fixed-ended  Angles. — No.  5. 


Ultimate 

I 

No. 

Shape. 

Size. 

Length. 

Area. 

Lbs  per 

Eemarks. 

Sq.  Inch. 

r 

In  Inches. 

Ft. 

In. 

-Sg.  i>L 

170 

Angles. 

3    x3    x| 

7 

5i 

2.04 

19  461 

147 

171 

2i  X  2i  X  1 

7 

5ii 

1.77 

20  791 

176 

172 

2    x2    x^5_ 

7 

H 

1.13 

14  159 

218 

173 

1     X  1     x^ 

7 

5f 

.24 

4  115 

449 

174 

3    x3    xf 

5 

1111 

2.08 

118 

No    failure    at 
50  000  lbs. 

175 

2^  X  2i  X  f 

5 

11?! 

1.78 

21  461 

141 

176 

2    x2    xj. 

5 

Ill 

1.13 

19  027 

175 

177 

1  xl    xf 

2i  X  2^  X  ^ 

2  x2    xj 

5 

.24 

6  996 

359 

178 

4 

4 

513 

1.74 

27  529 

105 

179 

4 

1.12 

24  107 

131 

180 

1  X 1  xi 

24  X  2|  X  4 

4 

llfi 

.23 

10  684 

268 

181 

2 

1.77 

28  249 

70 

182 

2^  X  2    X  '5_ 

3 

0^'' 

1.16 

33  362 

88 

183 

1  xl    xF 

2  x2    X   5 

2 

11 A 

.23 

23  377 

178 

184 

1 

_T6 

1.14 

29  386 

43 

185 

1      X  1      X   1 

1 

.24 

35  566 

88 

186 

1          1           " 

1    X  1    X  i 

li  X  1  j  X  i 

.24 

38  333 

58 

187 

.70 

43  617 

18 

188 

1     X  1     X  1- 
4    X  4    X  1 
4    X  4    X  1 

.24 

45  781 

28 

189 

14 

6* 

el 

2.81 

15  900 

221 

190 

14 

2.83 

13  600 

221 

191 

3    X  3    X  35_ 

14 

2.47 

8  690 

312 

192 

2i  X  2i  X  1 

14 

4 

1.72 

6  260 

341 

Retested   bar, 
see  No.  35. 

193 

2i  X  2^  X  1 

14 

6f 

1.G4 

7  900 

341 

194 

2    x2    x^?. 

14 

6i 

1.12 

4  460 

439 

Retested   bar, 
see  No.  36. 

195 

(( 

2    x2    x-^^g 

14 

6i 

1.12 

4  600 

439 
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LATERAL  DEFLECTIONS  OF  FIXED-ENDED  ANGLES. 

The  upper  figures  represent  pressures  in  pounds. 

The  figures  below  are  the  corresponding  deflections  in  inches. 


si 
1 

ID  aj 
a  03 

-1^ 
a 

w 
Ah 

170  { 
171 

500 
.03 
500 
.01 
500 
.04 
100 
.14 
500 
.03 
500 
.01 
500 
.09 
200 
.05 
500 
03 
500 
.04 
100 
.05 

5ro 

.03 
500 
.00 
1(0 
.01 
500 
.01 
200 
Ol 
200 
.01 
500 
.00 
300 
.01 

5  000 
.07 

5  000 
.03 

3  000 
.09 
200 
.23 

5  000 
.03 

5  000 
.02 

3  000 
.13 
400 
.08 

5  000 
.04 

3  000 
.05 
400 
.05 
10  000 
.03 

10  000 
.08 

10  000 
.05 
6  000 
.12 
300 
.28 

10  000 
.04 

10  000 
.03 
6  000 
.15 
600 
.10 

10  000 
.05 
6  000 
.0(i 
700 
.08 

20  000 
.04 

15  000 
.09 

15  000 
.06 
9  000 
.15 
4(10 
.33 

20  000 
.09 

20  000 
.07 

12  000 
.20 
501) 
.39 

25  000 
.10 

25  000 
.10 

15  000 
.39 

30  000 
.13 

30  000 
.14 

35  000 
.17 

35  000 
.24 

}  39  700 
j  36  790 
}  16  020 
}   1000 

[  38  200 
j  21480 
}   1700 
}  47  900 
\    27  000 
A       2  500 
j  50  000 
i  38  710 
[   5  400 
j  33  520 
1   8  500 
;,   9  200 
j  30  750 
j  10  860 
j  44  650 
j  38  400 
j  21 475 
j  10  775 
j  12  950 
}   5  000 
j   5  150 

.18 
.64 

172  1 

.55 

173  j 

600 

.47 

700 
.57 

800 
.66 

900 
.80 
[lbs. 
50  000 

.14 

174  1 

No  defl 

20  000 

.03 

9  000 

.17 

800 

.12 

20  000 

.06 

9  000 

.07 

1  000 

.09 

30  000 

.04 

ection 

25  000 

.04 
12  000 

.20 
1000 

.16 
30  000 

.06 
12  000 

.07 
1300 

.13 
40  000 

.05 

and  no 

30  000 

.06 
15  000 

.23 
1  200 

.20 
35  000 

.07 
15  000 

.08 
1  600 

.15 
45  000 

.08 

lailure 

35  000 

.07 

18  000 

.30 

1400 

.25 

40  000 

.08 

18  000 

.09 

1900 

.22 

with 

.00 

175  1 

.20 

176 
177  I 

178 

179  j 

180  ') 

21000 
.45 

1  500 
.30 

45  000 
.11 

21  000 
.10 

2  200 
.35 

"i'eoo 

.50 

"24666 

.13 

.59 
.12 
.48 
.21 
.12 

181  1 

Parti 
36  000 

.02 
3  COO 

.08 

al  failu 

re. 

.15 

182  j 

200 

.02 
15  OUO 

.01 
2  000 

.02 
1000 

.02 
4  000 

.01 

No  d 

300 

.03 

20  000 

.02 

4  000 
.02 

eflectio 
400 
.05 
30  ((10 
-.03 
6  000 
.02 

n  up 

1000 
.07 

to 
2  0(0 
.07 

383  j 
184  I 

4  000 
.08 

5  200 
.09 

1.25 

.15 

8  000 
.03 

185  i 

.28 

9  000 

.03 

28  000 

.04 

8  000 
.02 

186  1 

No  d 

eflectio 

n  up 

to 

to 

.17 

187  1 

No  d 

eflectio 

n  up 

.17 

10  000 
.02 

188  1 

189  j 

10  000 

00 
10  000 

.31 
5  000 

.06 
5  000 

,37 
5  000 

.56 
4  500 

.56 
2  500 

.06 

No  d 
20  000 

.06 
20  000 

.37 
10  000 

.22 
10  000 

.50 
10  000 

.87 

eflectio 
30  000 

.12 
30  000 

.62 
2ff000 

.50 

n  up 

40  COO 
.37 

to 

.15 

190  { 

.88 

191  { 

.25 

192  { 

.37 

193 

.38 

194  { 

.00 

195  { 

5  000 
1.56 

.00 

CHRISTIE    ON"    WROUGHT-IROi;r    STRUTS. 
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COMPRESSION   TESTS. 
Round-ended  Tees  and  Angles. — No.  6. 


Ultimate 

I 

No. 

Shape. 

Size. 

Length. 

Area. 

Lb.s.  per 

Remakes. 

Sq.  Inch. 

r 

I7i  Inches. 

Ft. 

Ins. 

Sq.  In. 

200 

T 

3    x3 

8 

^ 

2.56 

12  305 

162 

2'^  ball  and 

plate. 

201 

2ix2i 

8 

4^ 

1.74 

7  874 

182 

2//     .. 

202 

2    x2 

8 

H 

.99 

4  863 

231 

J//     .< 

203 

iJxH 

8 

3 

.53 

2  476 

309 

y     " 

204 

1    xl 

8 

^ 

.30 

1  815 

382 

y     " 

205 

3    x3 

6 

lOiV 

2.53 

13  478 

132 

2//     .. 

206 

2i  X  2i 

6 

lOf 

1.73 

12  428 

150 

2//     'i 

207 

2x2 

6 

9^ 

.97 

7  239 

189 

V     " 

208 

Hxii 

6 

^1% 

.53 

4  120 

254 

V     " 

209 

1      X  1 

6 

9i 

.30 

2  016 

313 

V     " 

210 

2i  X  2h 

5 

H 

1.75 

13  714 

117 

2//     <. 

211 

2    x2 

5 

'^TO 

.95 

10  053 

147 

p/     .. 

212 

HxH 

5 

31 

.57 

7  840 

198 

1//     .. 

213 

1    xl 

5 

H 

.30 

3  340 

243 

1//     .. 

214 

2ix2i 

3 

IOtg 

1.74 

24  138 

84 

2"     «' 

215 

2"  x2" 

3 

1  o 

9i 

1.00 

22  200 

105 

V     " 

216 
217 

l^x  U 
1    xl" 

3 
3 

t 

.57 
.30 

13  112 

5  872 

141 
174 

1//     .. 
1"     " 

218 
219 

21  X  2-h- 

Hxi| 

2 
2 

^^ 

1.74 
.54 

28  300 
25  370 

51 

84 

2//     <. 

220 

IJxlJ 

1 

9 

.57 

32  900 

66 

1//     " 

221 

1^x11 

1 

3 

.53 

37  143 

47 

X//     .< 

(( 

222 

l|xli 

1 

3 

.53 

32  000 

47 

j  Same  bar  as 
1  1^'  ball  and 

above, 
plate. 

223 

11  X  11 

9X6 

.56 

41  135 

28 

]^//     <» 

<  ( 

224 

3^  x3" 

6 

IOtV 

2.54 

15  748 

133 

2//     u 

C  ( 

225 

3    x3 

15 

4i 

2.43 

3  340 

298 

2''     " 

( ( 

226 

2x2 

15 

3i 

.88 

1  140 

426 

J//     <( 

( c 

227 

Angle 

<j  X  d  X  Yg- 

15 

H 

2.52 

3  000 

329 

2//     « 

(( 

228 

a 

Same  bar. 

15 

H 

2.52 

2  740 

329 

y.      " 

<( 

229 

it 

2  X  2  X  j% 

15 

1.12 

1  280 

447 

J^//           (C 

(( 
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LATERAL    DEFLECTIONS    OF    ROUND-ENDED    TEES    AND 

ANGLES. 
The  upper  figures  represent  pressures  in  pounds. 
The  figures  below  are  the  corresponding  deflections  in  inches. 


200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 

226 

227 
228 
229 


500 
.05 
500 
.04 
500 
.03 
200 
.06 
100 
.05 
500 
.03 
500 
.03 
500 
.02 
200 
.02 
100 
.02 
500 
.00 
500 
.03 
500 
.00 
100 
.01 
500 
.00 
500 
,02 
500 
.00 
100 
.01 
500 
.02 
500 
.01 
500 
.02 
500 
.00 
500 
.00 
500 
.00 
500 
.07 


10  000 
.05 

2  000 
.04 

1  000 
.04 

500 
.08 

200 
.05 

5  000 
.04 

3  000 
.05 

1000 
.03 
600 
.05 
200 
.05 

5  000 
.03 

2  000 
.05 

2  000 

.03 
300 
.02 

5  000 
.01 

3  000 
.02 

2  000 
.00 

400 

.02 

10  000 

.02 

3  000 
.01 

6  000 
.02 


No  d 


No  d 


No  d 
10  000 

.07 
5  000 

.06 


5  000 
.31 

5  000 
.18 

1200 
.25 


15  000 
.06 

4  000 
.05 

2  000 
.06 

1  000 
,24 
300 
.08 

10  000 

.05 

6  000 

.06 

2  000 
.04 
800 

.06 
300 
.10 
10  000 
.05 

3  000 
.06 

3  000 

09 
500 
.03 
10  000 
.01 
6  000 
.02 

4  000 
.03 
600 
.03 

20  000 

.02 

6  000 

.02 

12  000 
.03 


eflectio 


eflectio 


eflectio 

20  000 

.08 


20  000 
.07 

6  000 
.08 

3  000 
.11 


400 
.15 
15  000 
.05 
9  000 
.07 

3  000 
.04 

1000 
.07 
400 
.15 
15  000 
.08 

4  000 
.08 

4  500 
.60 
700 
.10 
15  000 
.02 

9  000 
.03 

6  000 
.09 
800 
.04 
30  000 
,02 

9  000 

.03 

15  000 

.03 


25  000 
.11 

8  000 
.10 

4  000 
.25 


500 

.30 
20  000 

.06 
12  000 

.10 

4  000 
.06 

1200 
.09 
500 
.25 
20  000 
.12 

5  000 
.10 


n  up 


n  up 


n,  bar 

25  000 
09 


900 

.33 
20  000 

.03 
15  000 

.04 


1  000 

.06 
35  000 

.03 
12  000 

.05 
18  000 

.05 


to 


to 


crushe 

30  000 
.10 


30  000 
.32 

10  000 
.15 


25  000 

.09 

15  000 

.12 

5  000 

.11 

1  400 

.12 


6  000 
.15 


40  000 
.03 

18  000 
.08 


1  200 

.10 

45  000 

.03 


18  000 
.01 

12  000 
.01 


d. 


35  000 
.11 


12  000 
.26 


30  000 

.15 

18  000 

.16 

6  000 

.21 

1600 

.15 


7  000 
.20 


1400 
.15 


20  000 

21000 

.22 

.30 

6  500 

.35 

1  800 

2  000 

.20 

.30 

000 
.27 


15  000 
.01 


40  000 
.40 


1  600 
.29 


9  000 
.40 


1  700 

.55 


31490 

13  700 

4  780 

1  300 
550 

34  110 

21510 

7  000 

2  200 
600 

23  990 

9  510 

4  510 

1010 

42  000 

21  190 

7  500 
1  750 

49  290 
13  725 

18  820 

19  500 
16  820 
23  200 

40  010 

8  125 

ICOO 

7  575 
6  920 
1425 


.00 
.20 
.08 
.00 
.00 
.65 
.70 
.52 
.18 
.00 
.80 
.48 
.29 
.09 
.73 
.22 
.42 
.20 
.50 
.45 
.38 
.37 
.21 


.47 
.00 

.00 

.00 
.00 
.00 
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COMPRESSION  TESTS. 

Flat-ended  Channels  and  Beams. — No.  7. 


Ultimate 

I 

No. 

Shape. 

Size. 

Length. 

Akea. 

Lbs.  ver 

Bemabxs. 

Sq.  Inch. 

r 

In  Inches. 

Ft. 

in. 

/Sg-.  In. 
\    1.89 

230 

Chan'l 

5  X  aV 

8 

0\ 

14  392 

214 

231 

5 

0-1^6 

1    1.89 

22  606 

134 

232 

(( 

6 

6i 

1.89 

20  321 

174 

233 

( < 

3 

6| 

1.89 

94 

No  failure  at  50  000  lbs. 

234 

6  X    i 

15 

oi 

3.23 

'6  200 

270 

235 

8    X    1^6 

8 

oj 

2.99 

160 

iNo  failure  at  50  000  lbs. 

236 

JL  O 

4x1 

8 

0 

1.92 

13  i77 

192 

237 

4 

6 

6^ 

1.91 

21  466 

156 

238 

t  ( 

5 

of 

1.91 

26  316 

120 

239 

(( 

3 

6j 

1.91 

85 

No  failure  at^50  000  lbs. 

240 

3x  sV 

<  ( 

8 

o\ 

1.51 

10  855 

209 

241 

6 

6J 

1.51 

19  527 

170 

242 

( < 

5 

Oi 

1.51 

26  670 

131 

243 

( ( 

3 

6i 

1.51 

30  590 

92 

244 

2    X      3 

8 

0]: 

.80 

6  626 

310 

245 

..  1^ 

6 

6i 

.80 

12  500 

252 

246;     ' 

>  ( 

5 

Oi'^ 

.80 

10  580 

195 

247 

( 

(< 

3 

4, 

.80 

30  818 

136 

248  Beam. 

6x1 

15 

Of 

4.15 

11  400 

279 

249      '■■ 

5  X  T-^« 

15 

0t^6 

3.35 

8  960 

300 

250,     *« 

SxJ^ 

8 

oi 

2.92 

160 

No  failure  at  50  000  lbs. 

251 

( ( 

3  2 
4X3% 

8 

OA 

1.94 

20  360 

189 

j  SeeNos.  264  f&'l^ee! 
■j  Nofairreat50  000  lb. 

252 

<  > 

( ( 

6 

6i 

1.94 

153 

253 

Chan'l 

4x1 

15 

0^ 

2.17 

'  5  740 

361 

Chan'l 

6  inches. 

6 

2.33 

42  290  1 

10 

Watertown  test. 

(( 

1 

5t'o 

2.33 

36  835 

30 

( ( 

1 

ni 

2.33 

33  910  1 

41 

(( 

4 

0 

2.33 

28  140  1 

83 

8  inches. 

1 

8 

"To 

3.80 
3.80 

43  295 
35  280 

17 
37 

(( 

1 
2 
4 

119 

3.80 
3.80 
3.80 

35  975 
33  400 
30  620 

50 

62 

100 

10  inches. 

1 

1 

10 

5-9- 

IIto 

4.85 
4.85 
4.85 

35  080 

33  820 

34  355 

14 
26 
35 

n 

2 

•5^ 

4.85 

34  050 

43 

.. 

4 

0 

4.85 

34  080 

70 

12  inches. 

1 

1 
1 

0 

c:  8 

6.00 
6.00 
6.00 

37  240 
36  590 
36  695 

14 

20 
27 

(C 

2 

5tV 

6.00 

35  150  ; 

34 

(( 

4 

0 

6.00 

36  040 

55 
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LATERAL    DEFLECTIONS    OF    FLAT-ENDED    BEAMS    AND 

CHANNELS. 

The  upper  figures  represent  pressures  in  pounds. 

The  figures  below  are  the  corresponding  deflections  in  inches. 


a 

0 

.b  02 

43  <u 

*A 

pflj 

230  { 

500 
.04 

2  000 
.05 

4  000 
.08 

8  000 
.13 

12  000 
.21 

16  000 
.28 

20  000 
.35 

24  000 
.47 

27  000 
.69 

I 

27  200 

.18 

231  { 

600 
.05 

2  000 
.05 

6  000 
.06 

10  000 
.07 

14  000 
.07 

20  000 
.08 

30  000 
.11 

37  500 
.15 

42  500 
.35 

1 

42  510 

1.25 

(' 

500 
.02 

3  000 
.03 

30  000 
.08 

33  000 
.11 

36  000 
.20 

38  000 

232 

No  fu 

rther  d 

eflectio 

nup  to 

1.20 

233 

500 
.04 

5  000 
.03 

10  000 
.04 

15  000 
.05 

No  d 

eflectio 

n  and 

no  fail 

ure. 

.00 

234  { 

'"566 

5  000 

.06 

10  000 

10  000 

.18 

15  000 

15  000' 

34 

20  000 

20000 
No 

.18 

235 

25  000 

30  000 

40  000 

45  000 

50  000 

.00 

.02 

.03 

.06 

.12 

.22 

.28 

.35 

.39 

.50 

failure 

236  { 

500 
.06 

2  000 
.17 

6  000 
.39 

10  000 

.47 

14  000 
.57 

18  000 
.67 

20  000 
.73 

22  000 
.81 

24  000 
1.06 

25  300 

.83 

237  { 

500 
.05 

4  000 
.04 

8  000 
.02 

15  000 
•08 

20  000 
.09 

25  000 
.10 

30  000 
12 

35  000 
.15 

40  000 
.25 

41  000 

.27 

238  { 

500 
.03 

10  000 
.03 

20  000 
.05 

25  000 
.06 

30  000 
.07 

35  000 

.08 

40  000 
.10 

45  000 
.12 

50  000 
.18 

50  000 

1.38 

239  j 

500 
.02 
500 
.07 

10  000 

.03 

2  000 

.09 

25  000 

03 

4  000 

.13 

40  000 

.04 

6  000 

.19 

45  000 

.05 

8  000 

.26 

50  000 
.08 

10  000 
.37 

No 
'ailure 

16  500 

.00 

240  { 

12  000 
.46 

14  000 
.61 

16  000 

.84 

.18 

241  { 

500 
.02 

2  000 
.03 

6  000 
.09 

10  000 
12 

14  000 
.14 

18  000  22  000 
.16|    .20 

26  000 

.27 

28  000 
38 

28  910 

1.62 

242  j 

500 
.00 
500 
.04 
500 
.04 

5  000 
.02 

10  000 
.03 

15  000 
.03 

20  000 
.03 

25  000 
.03 

42  000 

06 

3  500 

.41 

30  000 
.04 

45  000 

.09 

4  000 

.50 

35  000 
.06 

37  500 
.09 

40  000 

46  475 

5  420 

1.37 

243  1 

No 
1000 
.10 

deflect 

1  500 

.18 

ion  up 

2  000 
.2-2 

to 
3  000 
.31 

.60 

244  j 

4  500 
.60 

5  000 

.82 

.26 

245  j 

500 
.04 

2  000 
.09 

4  000 
.17 

5  000 
,90 

6  000 
.22 

7  000 
.27 

8  000 
.33 

9  000 
.43 

10  000 
.75 

10  010 

.21 

246  1 

500 
.03 

2  000 
.10 

3  000 
.22 

4  000 
.26 

5  000 
.28 

6  000 
.31 

7  000 
.34 

8  000 
.45 

8  420 

,29 

247  1 

500 
.03 

7  000 
.03 

10  000 
.05 

14  000 
.06 

16  000 

.07 

18  000 
.08 

20  000 
.09 

22  000 
.11 

24  000 
.15 

24  500 

248  { 

10  000 

.11 

5  000 

.18 

20  000 
.25 

10  000 
.18 

30  000 
.25 

15  000 
22 

35  000 
.12 

20  000 
.25 

45  000 

.37 

25  000 

47  220 
30  025 

.62 

249  { 

30  000 

.44!    1.12 

.25 

250  { 

500 

5  000 

15  000 

25  000 

30  000 

35  000!  40  000 

45  000 

50  000 

No 

.00 

m 

.11 

.18 

.21 

.23 

.25     .27 

.30 

.36 

failure 

251  { 

500 
.05 

5  000 
.05 

10  000 
.06 

15  000 
.08 

20  000 
.10 

25  000  30  000 

.12     .16 

35  000 
.22 

39  000 
.3.0 

39  490 

.98 

252  { 

500 
.04 

5  000 
.05 

5  000 
.18 

20  000 
.03 

10  000 
.56 

40  000 
.05 

45  000 
.07 

50  000 
.15 

j 

No 
ailure 

12  450 

.00 

253  { 

.00 

-T3— = 
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COMPRESSION      TESTS 

Op    Welded    Tubes,    FiAT-ENDED. — No. 


Ultimate 

I 

No. 

Outer  Diam'tr. 

Length. 

Area. 

Lbs.  per 

— 

Eemarks. 

Hq.  In. 

Sq.  Inch. 

r 

Ft. 

In. 

270 

2.87  inches. 

8 

0 

1.72 

101 

No  fciilure  at  50  000  lbs. 

271 

H                    (  ( 

8 

0 

1.64 

20'i22' 

101 

Not  same  Tube  as  last. 

272 

( (              ( ( 

8 

0 

1.64 

17  614 

101 

Same  Tube  as  last. 

273 

<  (              ( ( 

15 

0 

1.64 

13  810 

190 

274 

2.37      " 

15 

0 

1.04 

16  680 

221 

275 

a             <( 

7 

llf 

1.08 

27  780 

123 

276 

"             «' 

6 

6 

1.08 

31  018 

100 

277 

"             " 

4 

10 

1.08 

37  103 

75 

278 

"             " 

3 

U 

1.08 

36  239 

52 

Welded 

Tubes, 

with 

flanged 

ends. 

Ft. 

hi. 

Sq.In. 

279 

2.87  inches. 

15 

0 

1.64 

19  000 

189 

280 

2.37      " 

15 

0 

1.04 

15  400 

221 

281 

<  (         ( ( 

8 

0 

1.08 

24  780 

121 

282 

((         ( ( 

6 

6 

1.08 

30  700 

98 

283 

( <         ( ( 

5 

0 

1.08 

32  710 

75 

284 

<  (         (< 

3 

5 

1.08 

38  200 

52 

Welded 

Tubes, 

with 

hinged 

ends. 

285 

3.5   inches. 

Ft. 
15 

In. 
0 

Sq.  In. 
2.12 

153 

j  On  a  2'' pin. 

\  No  failure  at  50  000  lbs. 

286 

Same  Tube. 

15 

0 

2.12 

13  940 

153 

On  2''  balls  and  sockets. 

287 

C  <                        (( 

15 

0 

2.12 

11  410 

153 

"     "       "       "     plates. 

288 

2. 87  inches. 

15 

0 

1.64 

10  840 

194 

2''  pins. 

289 

Same  Tube. 

15 

0 

1.64 

8  840 

194 

2'"  balls  and  sockets. 

290 

(C                          (( 

15 

0 

1.64 

7  650 

194 

2''     "        "    plates. 

291 

2.37  inches. 

15 

0 

].04 

14  420 

224 

2''  pins. 

292 

Same  Tube. 

15 

0 

1.04 

11  300 

224 

2''  balls  and  sockets. 

293 

((          (( 

15 

0 

1.04 

5  000 

224 

Round  ends. 

294 

2.87  inches. 

8 

4    . 

1.72 

25  580 

105 

2''  balls  and  sockets. 

295 

2.37      " 

8 

4 

1.07 

23  364 

128 

2//     .<       .. 

296 

((         (( 

6 

8 

1.15 

28  260 

103 

2'/     <i       .c         o 

297 

" 

5 

2 

1  07 

34  112 

80 

2//     ..       «<          «< 

298 

(  C                    (  ( 

3 

8 

1.07 

38  785 

57 

2//     <.       u 

299 

1.31       " 

8 

3 

.46 

5  857 

247 

J//        ((           {(               a 

300 

3.5       " 

15 

0 

2.12 

18  880 

153 

2''  pin  .10  in.  out  of  centre. 
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LATERAL  DEFLECTIONS  OF  WELDED  TUBES,  FLAT-ENDED. 

The  upper  figures  represent  pressures  in  pounds. 

The  figures  bei^ow  are  the  corresponding  deflections  in  inches. 


270 
271 
272 
273 
274 
275 
276 
277 
278 


279 
280 
281 
282 
283 
284 


285 

286  j 

287  { 

288  \ 


289 
290 
291 
292 
293 
294 
295 
296 
297 


298  { 

299  { 

300  I 


700 
.08 

1000 
.09 

1000 
.05 
500 
.00 

5  000 

.09 

10  000 

.10 

5  000 
.10 

10  000 

.10 
15  000 

.14 
10  000 

.17 
10  000 

.00 
10  000 

.18 
5  000 

.09 
10  000 

.05 
10  000 

.03 
10  000 

.03 

20  000 
.28 

15  000 
.12 

20  000 
.15 

15  000 
.21 

20  000 
1.56 

20  000 
.13 

25  000 
.19 

20  000 
.25 

30  000 
.14 

30  000 
.21 

25  000 
.28 

■ 

40  000 
.15 

33  000 
.42 

30  000 
.49 

45  000 
.18 

50  000 
.22 

10  006 

.11 

15  000 
.06 

15  000 
.03 

15  000 
.03 

Flan 

30  000 
.75 

'"soo 

.03 
500 

.02 
500 

.01 

""566 
.06 
500 
05 
500 
.03 
500 
.02 

500 

.02 
500 

.04 
500 

.01 
500 

.05 
500 

.02 
500 

.13 

1000 

.03 
5  000 

.00 
5  000 

.03 
5  000 

.02 

10  000 

.15 
10  000 

.50 
5  000 

.10 
5  000 

.05 
5  000 

.06 
5  000 

.03 

10  000 

.15 
10  000 

.22 
10  000 

.12 
10  000 

,70 
10  000 

.22 
10600 

.14 
5  000 

.06 
5  000 

.05 

4  000 
.25 

10  000 
.02 

5  000 
.05 

5  000 

.02 

5  000 

.06 

25  000 

.02 

1000 

.18 

10  000 

.19 

15  000 

.14 
20  000 

.08 
20  000 

.03 
20  000 

.03 

GED  E 

20  000 

.15 
25  000 

.10 
25  000 

.00 
25  000 

.04 

NDS. 

25  000 

.20 
30  000 

.14 
30  000 

.02 
30  000 

.04 

30  000 
.53 

35  000 
.03 

35  000 
.04 

10  000 

.12 
10  000 

.05 
10  000 

.07 
10  000 

.03 

20  000 
.18 

20  000 
.53 

20  000 
.43 

15  000 

.13 
15  000 

.06 
15  000 

.08 
20  000 

.04 

HiNG 

30  000 
.25 

20  000 

.15 
20  000 

06 
20  000 

.09 
25  000 

.04 

ED  En 

40  000 
.28 

25  000 

.17 
25  000 

.07 
25  000 

.09 
30  000 

.04 

DS. 

50  000 

30  000 
.08 

30  000 
.10 

35  000 
.04 

35  000 
.29 

40  000 
.10 

10  000 
.18 

10  000 
.12 

15  000 

Held 

15  000 

for  a 

few  se 

conds. 

15  000 

.03 
10  000 

.07 
10  000 

.04 
10  000 

.07 
35  000 

.03 
2  000 

,25 

20  000 

.04 
15  000 

.11 
15  000 

.06 
15  000 

.07 
40  000 

,05 

25  000 

.05 
20  000 

.14 
20  000 

.08 
20  000 

.09 

30  000 

.06 

25  000 

35"  060 
.10 

40  000 
.14 

25  000 
.09 

25  000 
.09 

30  000 
.12 

30  000 
.10 

35  000 
.15 

, 

20  000 
.28 

30  000 
.37 

40  000 
.44 

No 
failure 

33  020 
31000 
22  725 
17  350 
30  025 
33  520 
39  700 
39  525 


31  175 
}  15  990 
\  28  030 
35  025 
34  995 
40  485 


No 
failure 

29  550 

24  210 
17  775 

14  510 
12  550 

15  000 
11750 

5  190 
43  990 

25  000 
32  495 
36  500 
41510 

2  695 
40  020 
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COMPKESSION  TESTS. 
Hinged -ENDED  Channels  and  Beams. 

(See  Diagram  No.  4.)    Plate 


Ultimate 

I 

^  No. 

Shape. 

Size. 

Length. 

Abea. 

Lbs.  pee 

Remakes. 

Sq  Inch. 

r 

In  Inches. 

Ft. 

Ivs. 

Sq.In. 

260 

Chan'l 

8^fV 

8 

^ 

3.05 

11  738 

167 

2^'  balls  and  sockets. 

261 

Beam 

sx/i 

8 

4 

2.98 

11  200 

167 

2''      <«              a 

262 

Chan'l 

5X3V 

4 

oj 

1.87 

11  550 

108 

2''      «'              .« 

263 

( ( 

4xJ, 

4 

0| 

1.90 

18  421 

97 

2'''         a                      ii 

264 

Beam 

4x/^ 

6 

lOi 

1.94 

161^ 

2''      "              "  [lbs. 
No  failure  at  50  000 

265 

Chan'l 

6x^ 

15 

3* 

4.15 

3  700 

273 

V^  balls  anrl  sockets. 

266 

Beam 

4x3^^ 

6 

lOi 

1.94 

12  113 

161 

Eound-ended         2'' 
balls. 

267 

( < 

6x1 

15 

4i 

4.15 

6  020 

273 

2''  pins. 

268 

(( 

Same  bar. 

15 

4^ 

4.15 

9  050 

273 

2^/     .. 

269 

Chan'l 

4x^ 

15 

41 

2.17 

5  880 

364 

2//     .< 

Numbers  264,  266,  are  hinged  and  round-ended  retests  of  No.  252,  which  did  not  fail  flat- 
ended  with  50  000  lbs. 

LATERAL  DEFLECTIONS  OF  HINGED-ENDED  CHANNELS 

AND  BEAMS. 

The  upper  figures  represent  pressures  in  pounds. 

The  figures  below  are  the  corresponding  deflections  in  inches. 


CD 

Ultimate 
Pressure. 

Permanent 
Set. 

260  { 

500 
.04 
500 
.03 
500 
.05 
500 
.02 
500 
.02 

"'566 
.02 

5  000 

.06 
5  000 

.04 
5  000 

.08 
5  000 

.02 

10  000 

.07 
10  000 

.05 
10  000 

.11 
10  000 

.03 

15  000 

.07 
15  000 

.07 
15  000 

.16 
15  000 

.04 

20  000 

.07 
20  000 

.11 
20  000 

.22 
20  000 

.05 
15  000 

.03 

25  000 
.08 

25  000 
.20 

30  000 
.11 

30  000 
.36 

35  000 
.45 

1     35  820 
}     33  400 
}     21  610 

I     35  000 

1      No 
1  failure 

}     15  350 
j     23  500 
1     25  000 
I     37  550 
}     12  750 

.95 

261  { 

.82 

262  1 

.52 

263  { 

25  666 
.06 

30  000 
.02 

30  000 
.08 

45  000 
.05 

'  50  660 
.07 

.48 

264  1 

Nod 

5  000 

.03 

eflectio 

10  000 

.12 

n  up  to 

15  000 

1.09 

.00 

265  1 

.00 

26  666 

.03 

266  1 

Nod 

10  000 
.03 

10  000 

.09 

5  000 

.00 

eflectio 
20  000 

.16 
20  000 

.12 
10  000 

.06 

n    up 

to     20 

000 

.63 

1 

267  1 

.00 

30  000 
.16 

268  1 

.00 



269  1 



.00 
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The  following  examples  illustrate  the  wide  range  of  resistance  pro- 
duced in  the  bars  by  a  change  in  their  end  conditions,  and  the  rapid  fall 
of  resistance  that  occurred  when  but  a  trifling  deviation  from  the  true 
centre  existed. 

It  will  be  understood  that  in  all  pin-ended  tests  the  pins  were  placed 
at  right  angles  to  the  least  radius  of  gyration  of  the  strut.  Also,  when 
bars  were  moved  on  their  hinged  ends,  the  movement  was  made  in  the 
direction  of  the  least  radius,  unless  otherwise  stated,  and  in  that  direction 
which  tended  to  reverse  the  deflection  of  the  previous  experiment.  The 
number  of  the  experiment  given  on  the  left  corresponds  with  the  num- 
bers on  tables  and  diagrams,  where  the  particulars  of  the  test  can  be 
found. 

Two  bars  of  angle  iron,  2^x2^x  3^2  inches,  5  feet  4x^6  inches  long, 
were  cut  from  the  same  original  bar,  and  adjusted  in  the  testing  machine, 
as  near  as  possible,  with  the  centres  of  gravity  of  section  in  line  with 
centres  of  the  balls  which  capped  both  ends. 

Number  of  Ultimate  Load 

Experiment.  in  Pounds. 

91  With  2-inch  balls  and  sockets,  failed  with 36  500 

92  "1         "  "  " 24  010 

These  bars  were  then  straightened  cold  and  changed 
on  the  balls,  centres  prpcisely  as  before. 

91  With  1-inch  balls  and  sockets,  failed  with 17  500 

92  "2         ''  "  '<         36  500 

Angle  2  X  2  x  i^o  inches,  8  feet  3 J  inches  long. 

82  First  test  with  1-inch  balls  and  sockets,  failed  with 4  500 

83  Second  test,  same  balls,  moved  .08  inch,        "        8  100 

Tee,  2^x2^x3  feet,  6|  inches  long. 

54    First  test,  flat-ended,  no  failure  with 50  000 

144     Second  test  with  2-inch  balls  and  sockets,  failed  with ....      48  500 
—     Third  test,  straightened  hot,   and   placed  ^  inch  out  of 

centre,  in  the  direction  of  the  stem,  failed  with 30  620 

147     Another  bar,  same  dimensions,  tested  with  2-inch  balls 

and  sockets,  failed  in  a  few  seconds 50  000 
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Number  of  Ultimate  Load 

Experiment.  in  Pounds. 

Angle  3  x3  X  I  inches,  8  feet  i  inch  long,  tested,  straight- 
ened and  retested  in  the  succession  given. 
147    First  test  with  2-inch  balls  and  sockets,  apparently  central     19  400 

80  Second  test  with  2-inch  balls  and  sockets,  moved  .06  inch     27  850 

170  Third  test  with  fixed  ends 39  700 

Angle  2^  X  2^  X  I  inches,  8  feet  long,  tested,  straightened, 
and  retested  successively. 

—  First  test  with  2-inch  balls  and  sockets,  .08  inch  out  of 

centre 12  100 

81  Second  test  with  2-inch  balls  and  sockets  and  moved  .08  in.      24  600 

171  Third  test  with  fixed  ends 36  790 

Angle  li  X  li  X  ^  inches,  8  feet  long.     No  straightening 

done. 
84    First  test  with  1-inch  balls  and  sockets 2  800 

—  Second  test,  same  balls,  moved  .  10  inch 1  850 

In  the  following  experiments,  as  the  bars  fully  recovered  their  original 
condition,  after  the  application  of  each  ultimate  load  (excepting  the  fixed- 
ended  tests,  which  were  made  last),  the  loads  were  applied  continuously, 
without  taking  the  bars  from  the  machine. 

Number  of  Ultimate  Load 

Experiment.  in  Pounds. 

167    Tee,  3x3  inches,  15  feet  1|  inches  long,  tested  with  2-inch 

pins 23  500 

—  Pin  then  turned  at  right  angles  to  stem,  with  same  pins. .      21  400 

In  both  experiments  the  bar  failed  in  the  direction  of 
the  flange.     No  rotation  on  the  pin  at  second  test. 

166    Tee,  4x4  inches,  15  feet  f  inches  long,  on  2-inch  pins, 

no  failure 50  000 

—  Second  test,  the  pins  moved  .10  inch,  failed 27  750 

—  Third       "          "             "         .20     "         "       18  150 

73    Fourth    "      pins  removed,  tested  flat-ended,  no  failure.  50  000 

Uneven  angle,  4x  3  x  ^jf  inches,  15  feet  5|  inches  long. 

117     First  test  with  2-inch  balls  and  sockets   21  500 

—  Second     "        1         "  *'  10  790 

—  Third       "        2-inch  pins 14  675 
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Number  of  Ultimate  Load 

Experiment.  in  Pounds. 

126     Fourth  test  with  2-inch  pins,  moved  .06  inch 27  020 

31     Fifth  test,  pins  removed,  flat-ended 22  600 

—  Sixth    "      had   now   some   permanent  curvature,    fixed- 

ended  17  620 

Angle,  2|  X  2|  X  I  inches,  10  feet  6i  inches  long. 

118  First    test   with   2-inch    balls    and   sockets,    apparently 

central 16  700 

—  Second  test  with  same  ends,  moved  .06  inch 26  450 

30     Third  test,  balls  removed,  flat  ends 22  250 

Angle,  31^  X  3i  X  I  inches,  10  feet  6i  inches  long. 

—  First  test  with  2-inch  balls  and  sockets 20  150 

119  Second  test  with  same  ends,  moved  .07  inch 38  175 

29     Third  test,  balls  removed,  flat  ends 39  425 

Angle,  2  X  2  X  -i\  inches,  15  feet  -i\-  inch  long. 

229     First  test  with  1-inch  balls  and  plates,  round  ends 1  425 

123    Second    "        1     "         "           sockets,  hinged  ends 1550 

122     Third       ''         2     "         "                 ''             "         "       1900 

36     Fourth     "         balls  removed,  flat  ends 2  910 

195     Fifth        "         clamps  applied,  fixed  ends 5  150 

Angle,  3  X  3  X  i\r  inch,  15  feet  i  inch  long. 

228     First  test  with  1-inch  balls  and  plates,  round  ends 6  920 

227     Second     *'        2     "       "                  *'          «'         **      7  575 

121     Third        *'         1     "      ''              sockets,  hinged  ends 7  400 

—  Fourth     "        2     "      "                  "           "            *'      14  000 

120  Fifth         "        2     ♦'    pins,  hinged  ends 14  925 

33     Sixth         "         ends  removed,  flat  ends 15  400 

191     Seventh    "        clamps  applied,  fixed  ends 21  475 

I  Beam,  6  x  i  inches,  15  feet  i  inch  long. 
265     First  test  with  X-inch  balls  and  sockets,  hinged  ends  ....  15  350 
267     Second     "         2     "       "                   "         apparently     cen- 
tral, hinged  ends 25  000 

—  Third  test  with  same  balls,  moved  .  10  inch  apparently  out 

of  centre ! 37  550 
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Number  of  Ultimate  Load 

Experiment.  in  Pounds. 

267     Fourth  test  with   same  balls,  moved   .20   inch  in  same 

direction 13  650 

—  Fifth   test   with    same   balls,    moved   .30   inch   in   same 

direction 12  025 

—  Sixth   test   with   same   balls,    moved   .40   inch   in   same 

direction 11  275 

—  Seventh  test  with  same  balls,  moved  .50  or  |  inch  out  of 

centre 11  200 

248     Eighth  test,  balls  removed,  flat  ends 47  220 

The  following  tests  of  tubes  were  also  made  continuously,  without 
being  taken  from  the  machine,  and  in  the  succession  given.  The  sizes 
are  inside  diameters. 

Tube,  2-inch  diameter,  15  feet  long. 

Number  of  Ultimate  Load 

Experiment.  in  Pounds. 

293     First  test  with  2-inch  balls  and  plates,  round  ends 5  190 

292     Second     "        2     "       "              sockets,  hinged  ends 11750 

291     Third        "         2     "    pins,  hinged   ends 15  000 

274    Fourth  test,  hinged  ends  removed,  flat  ends 17  350 

280    Fifth  test,  flanges  put  on,  flanged  ends 15  990 

The  above  tube  was  slightly  injured  with  the  fourth  test. 

Tube,  2 1  inches  in  diameter,  15  feet  long. 

290     First  test  with  2-inch  balls  and  plates,  round  ends 12  550 

289     Second     "        2     "       *'  sockets,  hinged  ends 14  510 

288     Third        "        2     ''     pins,  hinged  ends 17  775 

273    Fourth  test,  balls  removed,  flat  ends 22  725 

279    Fifth        "     flanges  put  on,  flanged  ends 31  175 

Tube,  3  inches  diameter,  15  feet  long. 

287    First   test,  2-inch  balls  and  plates,  round  ends 24  210 

286     Second"    2     "       "              sockets,  hinged  ends 29  550 

285     Third     "    2     *'     pins.     No  failure  with 50  000 

300     Fourth  "    same  pins,  moved  .10  inch 40  020 

The  records  of  the  second  test  are  not  complete  ;  the  tube  may  have 
been  placed  out  of  centre  designedly. 
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No.   9. 
AVERAGE    RESULTS    OF    TESTS    OF    STRUTS. 

Ultimate  in  Pounds  pee  Square  Inch. 


Length 

1 

divided 

by 

Least 

Bad.  of 

Flat-ended 
Angles. 

Hinged- 
ended 
Angles. 

Fixed- 
ended 
Angles. 

i  lat-ended 

Tees. 

Hinged- 
euded 
Tees. 

Kound- 
ended 
Tees. 

Flat-ended 

Channels 

and  Beams. 

Gyr'n. 

20 

49  000 

45  000 

45  000 

49  000 

47  000 

44  000 

38  000 

40 

40  000 

40  000 

38  000 

42  000 

41  000 

36  500 

35  000 

60 

35  000 

36  000 

34  000 

38  000 

36  000 

30  500 

34  000 

80 

32  000 

32  000 

32  000 

35  000 

31  000 

25  000 

31  500 

100 

29  000 

29  000 

30  000 

31  500 

27  000 

20  500 

29  000 

120 

26  000 

26  000 

28  000 

27  000 

22  500 

36  500 

26  000 

140 

23  500 

22  000 

25  500 

23  000 

18  500 

12  800 

24  000 

160 

21  000 

17  000 

23  000 

20  000 

15  500 

9  500 

21  000 

180 

19  000 

13  000 

20  000 

17  000 

12  500 

7  500 

18  000 

200 

16  500 

11  000 

17  500 

14  000 

10  500 

6  000 

15  000 

220 

14  000 

9  000 

15  000 

12  000 

8  500 

5  000 

12  500 

240 

12  000 

8  000 

13  000 

11  000 

7  000 

4  300 

11  000 

260 

10  500 

7  000 

]1  000 

10  000 

6  000 

3  800 

10  000 

280 

9  000 

6  000 

10  000 

8  500 

5  500 

3  200 

9  000 

300 

7  500 

5  000 

9  000 

7  000 

5  000 

2  800 

7  500 

320 

6  000 

4  500 

8  000 

5  500 

4  500 

2  500 

6  000 

340 

4  800 

4  000 

7  000 

4  500 

4  000 

2  100 

5  000 

360 

3  800 

3  500 

6  500 

4  000 

3  500 

1  900 

4  000 

380 

3  200 

3  000 

5  800 

3  500 

3  000 

1  700 

400 

2  900 

2  500 

5  200 

3  000 

2  500 

1  500 

420 

2  500 

2  300 

4  800  1 

2  500 

2  200 

1  300 

440 

2  200 

2  100 

4  300 

1 

460 

2  000 

1  900 

3  800 

1 

480 

1  900 

1  700 

i 
j 

i 
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No.    10. 
COMBINED   AVERAGE   RESULTS  OF   TESTS   OF   STRUTS. 


Ultimate  in  Pounds  per  Square  Inch. 


Length  divided 

by  Least  Rad.  of 

Flat  Ends. 

Fixed  Ends. 

Hinged  Ends. 

Round  Ends. 

Gyration. 

20 

46  000 

46  000 

46  000 

44  000 

40 

40  000 

40  000 

40  000 

36  500 

60 

36  000 

36  000 

36  000 

30  500 

80 

32  000 

32  000 

31  500 

25  000 

100 

29  800 

30  000 

28  000 

20  500 

120 

26  300 

28  000 

24  300 

16  500 

140 

23  500 

25  500 

21  000 

12  800 

160 

20  000 

23  000 

16  500 

9  500 

180 

16  800 

20  000 

12  800 

7  500 

200 

14  500 

17  500 

10  800 

6  000 

220 

12  700 

15  000 

8  800 

5  000 

240 

11  200 

13  000 

7  500 

4  300 

260 

9  800 

11000 

6  500 

3  800 

280 

8  500 

.   10  000 

5  700 

3  200 

300 

7  200 

9  000 

5  000 

2  800 

320 

6  000 

8  000 

4  500 

2  500 

340 

5  100 

7  000 

4  000 

2  100 

360 

4  300 

6  500 

3  500 

1  900 

380 

3  500 

5  800 

3  000 

1  700 

400 

3  000 

5  200 

2  500 

1  500 

420 

2  500 

4  800 

2  300 

1  300 

440 

2  200 

4  300 

2  100 

460 

2  000 

3  800 

1  900 

480 

1900 

1800 

The  experiments  do  not  justify  the  statement  that  the  short  fixed- 
ended  struts  are  as  strong  as  similar  lengths  of  flat  or  hinged-ended. 

This  equality  is  hypothetical,  and  based  on  the  assumption,  previously 
stated,  that  the  effective  lengths  of  the  fixed-ended  struts  were  greater 
than  the  lengths  recorded. 


Conclusions. 

The  following  general  conclusions  may  be  derived  from  the  experi- 
ments : 

When  struts  are  short,  say  — ■  below  20,  there  will  be  no  practical 

difference  in  the  strength  of  the  four  classes,  so  long  as  reasonable  care 
is  taken  to  keep  the  centre  of  pressure  in  the  centre  of  the  strut. 
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Hinged-ended  stmts  vary  all  the  way  from  round-ended  up  to  flat- 
ended  in  strength.  If  the  hinge  pins  are  of  insignificant  diameter,  and 
imperfectly  centred,  the  strut  ought  then  to  be  classified  as  round-ended. 

On  the  contrary,  if  the  pins  are  of  substantial  diameter,  well  fitted, 
and  exactly  centred  with  the  axis  of  greatest  resistance  of  the  strut,  the 
hinged-ended  will  be  fully  as  strong  as  the  flat-ended  strut ;  but  con- 
sidering the  impracticability  of  maintaining  this  rigid  accuracy,  the  aver- 
age hinged  struts,  as  compared  with  flat-ended,  will  fall  in  strength  as 

the  length  is  increased,  until  — ^  becomes  about  250,  when  they  will  aver- 
age one-third  less  resistance  than  flat-ended.  From  this  point  they  will 
gain  in  comparative  resistance  until becomes  about  500,  when  both 

classes  will  be  practically  equal. 

Fixed-ended  struts  gradually  gain  in  comparative  strength,  from  the 

least  lengths  upward,  until  —  becomes  about  500,  when  they  will  be 

twice  as  strong  as  either  the  flat-ended  or  hinged-ended. 

Round-ended     struts     continually    lose    in    comparative    strength. 

When  —  is  about  160  they  will  be  about  half  as  strong  as  flat-ended, 

and  when  —  becomes  about  450  they  will  have  about  half  the  strength  of 
hinged-ended  struts. 


Quality  of  the  Iron. 

The  quality  of  iron  experimented  upon  was  such  as  would  be  used 
to  conform  to  the  bridge  specifications  of  the  Pennsylvania,  or  New 
York,  Lake  Erie  &  Western  R.  R.  Companies,  and  would  in  tension 
average  as  follows  per  square  inch  : 

Breaking  Strain.  Elastic  Limit. 

49  000  lbs 32  000  lbs. 

18  per  cent,  elongation  in  8  inches. 
The  same  iron  exhibited  the  following  resistance  to  direct  compres- 
sion, being  the  average  of  several  tests  of  small  sections,  12  inches  long, 
secured  in  such  a  manner  as  to  prevent  lateral  flexure.  With  pressures 
varying  from  26  000  to  32  000  lbs.  per  square  inch,  the  elastic  limit  was 
reached  ;    that  is,  the  point  where  the  reduction  of  length  increased 
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in  a  greater  ratio  than  the  pressure  increased.  The  higher  values  were- 
obtained  from  specimens  whose  rolled  sections  were  less  than  one  square 
inch;  the  lower  values,  from  strips  cut  from  angles  whose  rolled  section 
was  about  4  square  inches. 

With  50  000  lbs.  pressure  per  square  inch,  a  permanent  reduction  of 
length  of  2 1  per  cent,  was  produced. 

With  75  000  lbs.  a  reduction  of  6  per  cent.,  and  with  100  000  lbs.  per 
square  inch  the  permanent  reduction  of  length  averaged  8  per  cent. 


The  diagrams  referred  to  in  this  paper  are  shown  on  Plates  XXVI, 
XXVII,  XXVIII  and  XXIX. 
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APPEIS^DIX. 

COMPAEATIYE    ELASTICITY    OF    WROUGHT-IRON    IN 
TENSION  AND  IN  COMPRESSION. 


It  is  difficult  to  ascertain  the  elasticity  of  the  metals  under  compres- 
sion, owing  to  the  specimen  operated  upon  bending  under  the  crushing 
strain  when  the  ratio  of  length  to  diameter  exceeds  certain  limits. 

It  is  necessary  to  secure  the  specimen  laterally,  so  that  it  cannot 
bend,  but  not  use  such  constraint  as  will  offer  any  resistance  to  its  free 
longitudinal  movement,  or  the  enlargement  of  its  sectional  area.  Of 
several  methods  tried  by  the  writer,  the  one  hereafter  described  gave  the 
best  results. 

The  specimen  to  be  operated  on  is  inserted  in  a  tube,  in  which  it  has 
abundant  lateral  freedom.  The  tube  is  made  a  little  longer  than  the 
specimen,  say  one  or  two  inches,  and  has  a  plug  neatly  fitted  in  each 
end,  the  plugs  projecting  past  the  ends  of  the  tube,  so  that  as  the  speci- 
men is  shortened  by  the  crushing  force  the  plates  of  the  testing  machine 
will  not  touch  the  tube. 

A  few  set  screws  are  passed  through  the  cylindrical  shell  of  the  tube, 
at  any  convenient  points,  by  means  of  which  the  specimen  can  be  held 
in  position  while  being  adjusted  in  the  machine.  The  space  inside  the 
tube  and  around  the  specimen  is  filled  with  fine  dry  sand,  and  the  testing 
machine  brought  to  act  on  the  specimen  through  the  plugs,  which  close 
the  ends  of  the  tube.  As  the  pressure  increases  the  set  screws  are  gradu- 
ally relaxed,  so  that  the  sand  sustains  no  pressure,  except  that  exerted 
by  the  specimen  in  the  effort  to  bend  laterally  under  the  crushing  strain. 
After  a  few  trials  the  operator  will  learn  how  to  best  obtain  the  desired 
result.  The  following  tests  under  compression  were  obtained  by  the 
foregoing  method. 

Measurements  were  taken  with  a  qallipers  by  the  sense  of  touch,  and 
read  on  a  measuring  machine  to  the  nearest  x^o^tJi  of  an  inch. 
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TWO  PIECES   OF  ^-INCH   SQUARE  IRON. 

Cut  feom  Same  Bar, 
Area  of  Section  0.556  Square  Inches. 
Peessures  in  Pounds.  Change  of  Length  in  Inches. 


TENSILE  TEST, 

COMPRESSIVE  TEST, 

Measured  on  a  Length  of  12  inches. 

Measured  on  a  Length  of  11.96  inches. 

Rkduction   of 

Pressure 

Elongations. 

Pressure 

Length. 

Total 

per 
Square 

Total 
Pressure. 

per 
Square 

Pressure. 

Inch. 

Load  on. 
.002 

Load  off. 

Inch. 

Load  on. 

Load  off. 

2  780 

5  000 

.000 

2  780 

5  000 

.002 

.000 

5  560 

10  000 

.0045 

.000 

5  560 

10  000 

.0035 

.000 

8  340 

15  000 

.007 

.000 

8  340 

15  000 

.005 

.000 

11  120 

20  000 

.0085 

.000 

11  120 

20  000 

.006 

.000 

12  232 

22  000 

.010 

.000 

12  232 

22  000 

.007 

.000 

13  344 

24  000 

.0105 

.000 

13  344 

24  000 

.008 

.000 

14  456 

26  000 

.0115 

.000 

14  456 

2b  000 

.009 

.000 

15  568 

28  000 

.012 

.000 

15  568 

28  000 

.0095 

.000 

16  680 

30  000 

.013 

.000 

16  680 

30  000 

.010 

.000 

17  792 

32  000 

.0135 

.000 

17  792 

32  000 

.011 

.000 

18  904 

34  000 

.0145 

.000 

18  904 

34  000 

.020 

.0035 

20  016 

36  000 

.0155 

.001 

20  016 

36  000 

.023 

.0045 

21  128 

38  000 

.1715 

.1495 

21  128 

38  000 

.027 

.010 

22  240 

40  000 

.3835 

.3605 

22  240 

40  000 

.107 

.089 

27  800 

50  000 

1.326 

1.2945 

27  800 

50  000 

.272 

.246 

29  925 

53  821 

3.093 

33  360 

60  000 

.4645 

.4355 

38  920 

70  000 

.671 

.639 

Specimen  broke  w 

ith  53  821  lbs.  per 

44  480 

80  000 

.845 

.8145 

square  inch. 

50  040 

90  000 

1.074 

1.042 

Stretch  3.09  inch  i 

n  12  inches. 

2.187 

8       " 

"      27.33  per  ce 

nt.  in  8  inches. 

Fractured  area  0.3^ 

J64  square  inches. 
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TWO  PIECES   OF    ^-INCH   BOUND   IRON. 

Cut  from  Same  Bae. 
Area  of  Section  0.44:9  Square  Inches. 
Pkessuees  in  Pounds.  Change  of  Length  in  Inches. 


TENSILE  TEST, 

« 

COMPRESSIVE  TEST, 

.  Measured  on  a  Length  of  12  ir 

ches. 

Measured  on  a  Length  of  12.048  inches. 

Reduction  of 

Total 

Pressure 
per 

Elongations. 

Total 

Pressure 
per 

Length. 

Pressure. 

Square 

Pressure. 

Square 

Inch. 

Load  on. 

Load  off. 
.000 

Inch. 

Load  on. 

Load  off. 

2  245 

5  000 

.001 

2  245 

5  000 

.002 

.000 

4  490 

10  000 

.004 

.000 

4  490 

10  000 

.005 

.000 

6  735 

15  000 

.005 

.000 

6  735 

15  000 

.007 

.000 

8  980 

20  000 

,008 

.000 

8  980 

20  000 

.010 

.000 

9  878 

22  000 

.009 

.000 

9  878 

22  000 

.011 

.001 

10  776 

24  000 

.010 

.000 

10  776 

24  000 

.012 

.002 

11  674 

26  000 

.0105 

.000 

11  674 

26  000 

.013 

.003 

12  572 

28  000 

.011 

.000 

12  572 

28  000 

.015 

.0045 

13  470 

30  000 

.013 

.000 

13  470 

30  000 

.0215 

.0065 

14  368 

32  000 

.014 

.000 

14  368 

32  000 

.0225 

.007 

15  266 

34  000 

.015 

.002 

15  266 

34  000 

.0275 

.009 

16  164 

36  000 

.022 

007 

16  164 

36  000 

.040 

.019 

17  062 

38  000 

.416 

.3995 

17  062 

38  000 

.052 

.036 

17  960 

40  000 

.5445 

.523 

17  960 

40  000 

.133 

.1145 

22  450 

50  000 

1.740 

1.707 

22  450 

50  000 

.3045 

.283 

23  175 

51  600 

2.468 

26  940 

60  000 

.4275 

.402 

31  430 

70  000 

.5465 

.521 

Specimen  broke  w 

ith  51  600 

lbs.  per 

35  920 

80  000 

.663 

.635 

square  inch. 

40  410 

90  000 

.773 

.742 

Stretch  in  12  inche 

s  2.468  inc 

;h. 

44  900 

100  000 

.896 

.862 

8      " 

J. 812     ' 

8      " 

22.65  per 

cent. 

Fractured  area  0.2^ 

)7  square  i 

nches. 
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^Description  of  a  combined  triangulak  and 
suspension  bridge  -truss,  and  compari- 
son of  its  cost  with  that  of  the  war- 
ren, pratt,  whipple  and  howe  trusses. 


By  Edavin  Thachek,  M.  Am.  Soc.  C.  E. 
Read  Novembek  7th,  1883. 


General  Description. 

The  figures,  Plate  XXX,  Class  A,  from  1  to  15,  inclusive,  represent 
side  elevations  of  bridge  trusses  containing  from  six  to  twenty 
panels.  They  can  be  used  for  iron,  steel  or  combination  bridges.  (By 
combination  bridge,  is  meant  one  in  which  the  top  chord,  end  braces, 
vertical  posts,  top  lateral  struts,  and  track  stringers  are  wood;  all  ten- 
sion members  iron;  and  the  intermediate  inclined  struts  and  floor 
beams  either  wood  or  iron .)  The  truss  admits  of  a  great  variety  and 
choice  of  figures,  but  the  examples  given  ai;e,  in  general,  economic  and 
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good  selections.     The  most  economic  form  is,  however,  governed  to  a 
considerable  extent  by  the  length  of  span  and  the  material  used. 

The  figures  from  1  to  13,  inclusive,  are  designed  for  through  bridges, 
but  can  be  used  as  deck  spans,  with  support  at  top,  by  omitting  some 
of  the  end  members,  as  shown  by  Fig.  14,  which  consists  of  Fig.  9  with 
parts  between  A  and  support  omitted,  or  as  deck  spans  with  support  at 
bottom,  by  adding  vertical  end  posts  and  extending  the  top  chord,  as 
shown  by  Fig.  15. 

The  truss  is  a  combination  of  the  triangular  and  suspension  systems. 
The  primary  system  is  composed  of  top  and  bottom  chords,  and  a  web 
of  struts  and  ties  arranged  in  the  form  of  triangles,  free  to  change  figure 
from  the  eifect  of  temperature.  The  centre  ities  extend  each  over  not 
less  than  two  panels,  and  over  not  more  than  the  number  in  half  span 
less  one. 

The  panel  points  intermediate  between  the  tops  of  the  centre  ties, 
and  not  at  joints  of  the  primary  truss,  are  supported  by  vertical  sus- 
penders from  the  top  of  the  centre  strut,  or  by  pairs  of  inclined 
suspenders  directly  or  indirectly  from  the  tops  of  the  centre  strut  and 
centre  tie.  The  inclined  suspenders  are  connected  with  each  other  at 
bottom,  but  have  no  fixed  connection  with  the  bottom  chord,  nor  with 
the  centre  ties  at  intermediate  points  of  intersection.  The  top  and  bot- 
tom chords,  the  centre  strut  C  B,  the  centre  ties  A  B,  and  the  diagonals 
A  F,  F  G  and  G  11,  or  such  of  them  as  are  found  in  any  figure,  constitute 
the  primary  truss;  all  other  parts  are  suspended  from  it  or  used  to  sup- 
port intermediate  panel  points.  The  centre  strut  may  be  vertical  or 
inclined,  as  best  fulfills  the  requirements  of  any  particular  case.  E  is 
an  intermediate  panel  point  supported  by  the  vertical  suspender  C  E 
from  the  top  of  the  centre  strut  C  B.  D  D  are  intermediate  panel  points 
(see  detail)  supported  directly  by  the  inclined  suspenders  A  D  and  C  D 
from  the  joints  A  and  C  of  the  primary  truss.  Di  in  Figs.  9,  11,  12  and 
13  is  supported  by  inclined  suspenders  indirectly  from  the  same  points. 
At  I,  Fig.  5,  the  inclined  tie  is  connected  with  the  chord.  In  detail  of 
suspended  panel  point  D,  Plate  XXX,  the  chord  is  shown  supported  by  a 
stirrup  attached  to  the  pin  above.  It  may,  however,  be  done,  if  desired, 
by  a  seat  on  the  floor  beam  below,  but  whatever  method  is  adopted  the 
points  D  must  be  left  free  to  move  longitudinally  unrestrained  by  the 
chord.  They  may  be  fixed  laterally  by  the  floor  beam  or  otherwise,  if 
thought  desirable,  to  prevent  vibratioti. 
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The  weight  at  any  suspended  panel  point,  D  or  Di,  is  conveyed  to  the 
joints  A  and  C  of  the  primary  truss,  and  also  to  the  masonry  or  truss 
supports,  in  proportions  inversely  as  its  horizontal  distance  from  them. 
If  the  part  going  to  C  exceeds  that  which  goes  to  the  most  distant  truss 
support,  its  effect  is  compression  on  the  centre  strut  and  tension  on  the 
centre  tie  on  both  sides  of  the  centre,  and  opposed  to  reverse  strains 
due  to  unsymmetrical  loads  at  other  points.  The  only  panel  points  on 
which  rolling  loads  can  tend  to  produce  reversed  shear  in  the  centre  ties 
are  in  Figs.  1,  2,  3  and  4,  at  A  ;  in  Fig.  5,  at  A  and  I ;  in  Figs.  6  and  7, 
those  between  the  nearest  truss  support  and  A,  inclusive  ;  and  in  Figs. 
8,  9,  10, 11, 12  and  13,  the  same,  in  addition  to  the  point  D  or  Di  nearest 
A,  towards  the  centre.  The  effect  from  these  latter  points  is,  however, 
very  slight,  ranging  from  one-twenty-eighth  to  one-tenth  of  a  panel 
weight ;  the  latter  in  Fig.  13. 

If  the  centre  strut  is  vertical,  as  in  Figs.  1  and  2,  or  inclined  towards 
the  end,  as  in  Fig.  6,  or  inclined  towards  the  centre  with  suspended  sys- 
tem extending  to  support,  as  in  Fig.  14,  it  can  have  no  tendency  to 
reversed  shear.  If  inclined  towards  the  centre,  as  in  the  other  figures, 
it  is  subject  to  the  same  reverse  tendency  as  the  centre  ties,  with  the 
additional  effect  of  panel  weight  at  B. 

The  compression  in  the  centre  strut  and  tension  in  the  centre  tie  in- 
creases as  the  points  A  are  moved  towards  the  end  of  span,  and  the  dis- 
tance between  those  points  can,  if  desired,  always  be  made  sufficient  to 
prevent  any  reversed  or  counter-strain  in  any  member  of  the  truss. 

In  order  to  show  more  clearly  the  manner  in  which  counter-strains 
may  be  avoided,  we  will  take  for  example  Fig.  4,  which  can  be  used  to 
advantage  for  spans  ranging  from  about  130  to  160  feet.  For  such 
spans,  the  rolling  load  is  about  two  and  two-tenths  times  the  dead  load. 
As  the  inclined  suspenders  have  no  fixed  connection  with  the  bottom 
chord,  the  panel  weight  at  D,  nearest  A,  will  be  suspended  three-fourths 
from  A  and  one- fourth  from  C,  and  the  panel  weight  at  D,  nearest  0, 
will  be  suspended  one-half  from  A  and  one-half  from  C.  The  inclined 
susjienders  C  D,  and  vertical  suspenders  C  E,  therefore  convey  to  C  two 
and  one-half  panel  weights  of  dead  load,  giving  a  compressive  shear  of 
one  and  one-quarter  panel  weights  on  each  of  the  centre  struts  C  B. 
Adding  the  panel  weight  at  B,  we  have  a  tensile  shear  of  two  and  one- 
quarter  panel  weights  on  each  of  the  centre  ties  A  B. 

The  end  brace  A  F  takes  two  and  one-quarter  panel  weights  from  the 
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centre  tie  A  B,  one  and  one-quarter  panel  weights  from  tlie  inclined  sus- 
pender A  D,  and  one  panel  weight  from  the  vertical  suspender  at  A,  a 
total  shear  of  four  and  one-half  panel  weights. 

We  will  suppose  the  rolling  load  to  advance  by  panel  weights  from 
right  to  left  across  the  bridge.  When  the  load  has  advanced  to  A  on  the 
right,  one-tenth  of  the  panel  weight  goes  to  the  left  support,  increasing 
on  the  left  and  relieving  on  the  right  by  this  amount  the  shear  due  to 
dead  load  on  the  centre  strut  and  tie;  and  this  is  the  nearest  approach  to 
counter-strain  that  the  centre  tie  can  have,  requiring  a  live  load  twenty- 
two  and  one-half  times  as  great  as  the  dead  load  to  overcome  its 
tension. 

As  the  load  advances  to  the  second  and  third  panel  points  D,  the 
compression  on  the  centre  strut  and  tension  on  the  centre  tie  are  in- 
creased, for  of  the  load  at  those  points  a  greater  portion  goes  to  the 
centre  C  than  to  the  left  truss  support.  When  the  load  has  advanced  to 
the  fourth  panel  point  B,  it  is  in  position  to  give  the  minimum  compres- 
sion or  nearest  approach  to  counter-strain  that  the  centre  strut  can  have. 
In  this  position  of  the  load,  three-fourths  panel  weight  goes  to  C 
through  the  inclined  suspenders  on  the  right,  and  one  panel  weight  goes 
to  the  left  support.  The  dead  load  on  the  right  centre  strut  is  therefore 
relieved  to  the  extent  of  one-fourth  panel  weight  of  live  load,  from 
which  it  follows  that  a  live  load  five  times  as  great  as  the  dead  load 
would  be  required  to  overcome  its  compression,  the  ordinary  ratio  being, 
as  has  been  seen,  about  two  and  two-tenths.  An  engine,  Mogul,  ten- 
wheel,  or  consolidation,  with  or  without  tender,  placed  in  position  for 
maximum  effect,  will  not  relieve  the  compression  on  the  centre  strut  by 
an  amount  exceeding  this.  It  is  seen,  therefore,  that  in  this  figure  there 
can  be  no  counter-strains. 

When  the  load  has  advanced  to  the  fifth  panel  point  E,  it  is  in  posi- 
tion to  give  the  maximum  compression  on  the  centre  strut,  amounting 
to  a  shear  of  one  and  one-half  panel  weights.  As  the  load  advances  to 
the  sixth,  seventh  and  eighth  panel  points,  the  tension  on  the  centre  tie 
is  slightly  increased,  and  for  a  uniform  panel  load  is  a  maximum  at  the 
latter  point.  In  this  position  of  the  load,  three  and  six-tenths  panel 
weights  go  to  the  left  support,  and  one  and  one-quarter  panel  weights 
go  through  the  inclined  suspenders  to  A  on  the  left.  The  difference, 
two  and  thirty -five-one  hundredths  panel  weights,  is  the  shear  on  the 
tie.     A  consolidation  engine  placed'  with  its  first  driver  at  the  seventh 
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panel  point  gives  a  shear  slightly  in  excess  of  any  other  position,  but 
very  nearly  the  same,  and  not  exceeding  the  above.  When  the  load 
reaches  the  ninth  and  last  panel  point,  we  have  the  maximum  shear  on 
the  end  brace  amounting  to  four  and  one-half  panel  weights. 

The  maximum  strain  on  any  web  member  is  found  by  multiplying  its 
maximum  shear  by  the  ratio  which  the  length  of  the  member  bears  to 
the  depth  of  the  truss. 

The  maximum  strains  in  the  chords  are  found  by  adding  the  horizon- 
tal components  of  the  web  strains  acting  upon  them  when  the  bridge  is 
fully  loaded. 

A  unit  of  horizontal  strain  is  a  panel  weight  of  dead  or  rolling  load, 
or  both,  multiplied  by  the  length  of  panel  and  divided  by  the  depth  of 
truss,  being  the  horizontal  component  of  a  unit  of  strain  in  such  web 
members  as  extend  across  one  panel  only.  Each  unit  of  shear  in  mem- 
bers which  extend  across  two  panels  exerts  two  units  of  horizontal  strain, 
and,  in  general,  the  number  of  units  of  strain  thrown  into  the  chords  by 
any  web  member  equals  the  number  of  units  of  shear  in  that  member, 
multiplied  by  the  number  of  panels  over  which  it  extends.  In  the 
figure  under  consideration,  the  bottom  chord  F  B  receives  four  and  one- 
half  units  of  strain  from  the  end  brace  A  F.  This  is  a  maximum,  for 
it  must  be  borne  in  mind  that  the  inclined  suspenders  have  no  fixed 
connection  with  the  chord  at  points  D,  and  can  exert  no  force  upon  it. 
The  bottom  chord  B  B  receives  four  and  one-half  units  from  chord  F  B, 
six  and  three-quarters  units  from  the  centre  tie  A  B,  and  one  and  one- 
quarter  units  from  the  centre  strut  C  B,  a  total  of  twelve  and  one-half 
units  of  strain.  The  top  chord  A  C  receives  four  and  one-half  units 
from  the  end  brace,  one  and  three-quarters  units  from  the  inclined  sus- 
penders, and  six  and  three-quarters  units  from  the  centre  tie,  a  total  of 
thirteen  units  of  strain. 

To  the  engineer  who  makes  bridges  a  specialty,  the  foregoing  analy- 
sis may  appear  too  minute,  but  it  will  enable  the  general  engineer  to 
more  readily  understand  and  correctly  design  the  truss.  In  Table  No.  2, 
following,  are  given  the  number  of  units  corresponding  to  the  maximum 
strain  due  to  dead  and  live  loads  in  every  member  of  the  vertical  and 
lateral  systems  of  Figs.  1  to  14,  inclusive. 

The  usual  load  specification  for  railway  bridges  is  two  engines  of  a 
certain  pattern  and  weight,  followed  by  a  train  load  of  a  certain  weight 
per  lineal  foot.     To  find  the  maximum  strain  in  every  memler  of  any 
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truss  from  these  wheel  loads  is,  to  the  occasional  calculator,  very  labor- 
ious, and,  to  the  adept,  with  the  advantage  of  experience  and  all  possi- 
ble aids,  tabular  and  otherwise,  it  is  not  desirable,  and  the  writer  is 
satisfied  that,  except  in  rare  cases,  it  is  useless  labor.  A  comparison  of 
many  cases  for  various  spans,  forms  of  truss  and  classes  of  engines,  be- 
tween the  method  of  wheel  loads  and  of  the  nearest  equivalent  uniform 
live  load,  or  such  as  will  produce  the  same  maximum  shear  on  the  end 
brace  as  the  wheel  loads,  except  in  a  few  cases  of  double  intersection, 
when  the  length  of  panel  was  such  as  to  cause  nearly  or  quite  the  maxi- 
mum panel  weight  from  each  engine  to  be  borne  simultaneously  by  the 
same  system,  gives  results  so  nearly  identical  as  to  amount  to  no  essential 
difference  in  the  distribution  of  material  in  the  web  members,  and  one 
method  is  as  likely  to  sntisfy  actual  conditions  as  the  other.  The  same 
is  true  when  applied'to  the  chords,  for  spans  of  say  150  feet  and  under, 
and  is  also  safe  and  not  impossible  to  realize  in  spans  of  any  length. 

In  a  table  following  are  given  the  uniform  live  loads  which  may  be 
substituted  for  the  wheel  loads  of  the  leading  types  of  ten- wheel  and 
consolidation  engines  in  spans  ranging  from  10  to  500  feet.  For  spans 
up  to  65  feet  the  loads  correspond  to  a  maximum  centre  moment,  and 
for  spans  of  70  feet  and  upwards  to  a  maximum  end  shear.  By  the 
method  of  uniform  panel  loads,  the  maximum  strain  in  any  member  of 
the  primary  truss  in  any  of  the  figures  represented  is  readily  found,  and 
by  the  method  of  wheel  loads  no  more  labor  is  involved  than  when  dealing 
with  the  Whipple,  lattice,  sub-trussed  Pratt,  or  Fink  suspension  trusses. 
The  vertical  and  inclined  suspenders  are  proportioned  for  the  maximum 
panel  load,  or  such  as  results  from  taking  the  equivalent  tal)ulated  uni- 
form load  for  the  minimum  length  of  span,  which  will  fully  load  the  sus- 
pender considered — ordinarily  a  length  of  two  panels.  The  bottom  lateral 
system  may  consist  of  longitudinal  and  diagonal  tension  rods  connected 
with  transverse  floor-beams,  which  act  as  the  struts  of  the  system.  The 
longitudinal  strains  are  taken  up  by  the  chords  at  joints  of  the  primary 
truss,  and  at  intermediate  joints  in  the  chord  bars,  as  shown  by  details 
of  combination  bridge,  Plate  XXXI. 

If  the  floor-beams  are  connected  with  the  chord  bars  at  each  panel 
point,  or  if  the  lateral  rods  extend  across  two  panels,  connecting  with 
the  end  of  floor-beams  at  chord  joints,  and  with  the  centre  of  floor-beam 
between  joints,  the  longitudinal  rods  may  be  omitted. 

The  bottom  lateral  system  may  also  consist  of  transverse  struts  and 
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diagonal  tension  rods  connected  with  longitudinal  floor-beams  suspended 
from  the  panel  points,  as  shown  by  detail  B,  Plate  XXX. 

Defects  in  Bridge  Trusses. 

An  imperfection  may  be  due  to  the  form  of  truss  or  principle  on 
which  it  acts,  which  admits  of  no  remedy,  or  to  faults  in  detail,  which 
may  be  overcome. 

Among  the  more  important  defects  of  common  occurrence,  the  follow- 
ing may  be  mentioned  : 

In  all  combination  quadrangular  trusses,  both  main  ties  and  counter- 
ties  are  aflfected  by  temperature,  the  latter  frequently  to  the  extent  of  more 
than  one-half  of  their  ultimate  strength.  The  writer  once  had  occasion 
to  make  a  calculation  for  temperature  on  a  150-foot  span  combination  sin- 
gle intersection  truss  of  ten  panels,  and  found  on  the  counter  leading  up 
from  the  third  panel  point  a  strain  of  28  000  pounds  per  square  inch,  due 
to  a  change  of  100°  in  temperature.  The  amount  of  strain  will,  of  course, 
vary  with  every  different  span,  panel,  and  distribution  of  material,  but 
as  it  may  be  largely  increased  by  screwing  up  on  the  rods,  and  as  the 
men  who  look  after  the  bridges  on  most  roads  seem  to  neglect  no  oppor- 
tunity of  tampering  with  them,  it  will  be  seen  that  counter-rods  are  liable 
to  be  in  a  very  unhealthy  condition,  and  the  quadrangular  truss  evidently 
should  never  be  built  in  combination  of  materials  so  dissimilar  in  char- 
acter as  wood  and  iron,  for  the  question  will  naturally  arise,  if  a  factor 
of  safety  of  two  is  admissible  in  one  member  of  a  truss,  why  not  in  all  ? 

The  counter-rods  in  all  iron  or  steel  quadrangular  trusses,  though 
liable  to  be  overstrained  in  adjustment  by  unskilled  workmen,  are 
affected  by  temperature  to  a  much  less  extent  than  in  combination 
trusses .  The  unequal  expansion  or  contraction  of  different  members, 
due  to  their  unequal  size  or  exposure,  will,  however,  affect  them  to  some 
extent. 

The  only  trusses  free  from  temperature  strains  under  all  conditions 
are  the  triangular  and  suspension  systems,  or  a  combination  of  the  two. 
Many  trusses  have  more  or  less  ambiguity  of  strain.  The  double  inter- 
section has  some,  the  combined  arch  and  truss  has  more,  and  other  varie- 
ties which  might  be  named  a  still  larger  amount.  It  exists  in  every 
truss  in  which  the  weight  at  any  panel  point  can  be  conveyed  to  the 
truss  supports  by  more  than  one  route. 
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The  writer  recently  had  occasion  to  examine  a  truss  in  which  it  was 
found  that  the  portion  of  the  weight  at  the  first  panel  point  going  to  the 
opposite  support  had  a  choice  of  about  1  600  routes.  It  is  certainly  de- 
sirable that  the  strain  in  every  member  shall  admit  of  exact  calculation, 
and  very  essential  that  doubts  be  confined  to  narrow  limits. 

In  quadrangular  bridges,  the  sudden  change  of  strain  from  counter- 
tie  to  the  opposite  main  tie,  or  the  reverse,  as  a  train  passes  over,  and  the 
consequent  racking  and  rattling  of  parts,  is  very  injurious.  When  an 
engine  moves  at  the  rate  of  thirty  miles  an  hour  over  a  span  of  150  feet 
or  under,  the  counters  pass  from  a  state  of  greatest  relaxation  to  one  of 
nearly  maximum  tension  in  about  l^-  seconds.  In  the  Warren  girder 
the  same  time  will  elapse  between  the  maximum  direct  and  inverse 
strains  on  any  brace,  but  as  there  is  no  lost  motion,  and  the  braces  to- 
ward the  centre  are  proportioned  for  both  direct  and  counter-strain,  and 
therefore  less  sensitive  to  the  latter  than  the  lighter  members  of  the 
quadrangular,  the  distortion  or  wave  motion  of  the  truss  under  a  passing 
load  will  be  less  manifest. 

The  Howe  truss,  which  has  been  used  in  this  country  to  a  greater  ex- 
tent probably  than  any  other,  possesses  some  radical  defects,  the  greatest 
of  which  is  the  insecurity  of  its  bottom  chord.  An  analysis  of  the  strains 
actually  developed  in  this  member  is  a  problem  of  great  complexity. 
The  eccentric  manner  in  which  the  strain  is  thrown  in  and  taken  up,  the 
tortuous  course  which  it  takes  in  the  attempt  to  equalize  itself  among  the 
different  sticks  of  which  the  chord  is  composed,  the  defects  of  framing, 
the  transverse  effects  of  flooring  loads,  the  inequalities  of  extension  due 
to  clamps  and  consequent  twist  of  angle  blocks,  precludes  the  possibility 
of  finding  its  actual  factor  of  safety.  This  truss  is  frequently  designed 
without  the  aid  of  an  engineer,  and  when  an  attempt'  is  made  at  a  calcu- 
lation, it  is  necessary,  in  order  to  arrive  at  any  results,  to  start  out  with 
suppositions  not  justified  by  the  facts. 

The  usual  factor  of  safety  covers  a  multitude  of  shortcomings  of  this 
truss,  yet,  notwithstanding,  the  bottom  chord  frequently  fails. 

Several  years  ago,  when  looking  after  some  bridges  on  a  prominent 
Southern  road,  the  writer's  attention  was  called  to  a  comparatively  new 
Howe  truss  with  trestle  bents  under  the  quarters.  His  companion,  a 
bridge  foreman,  well  acquainted  with  the  road  and  its  bridges,  stated 
that  the  bridge  was  erected  about  eighteen  months  previously  by  an  ex- 
perienced  Howe  truss   bridge   contractor.     A  64:-ton  10-wheel  engine 
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was  the  heaviest  used  on  the  line  np  to  that  time.  The  timber  wms 
first-class  long-leaf-heart  yellow  pine,  the  best  bridge  timber  in  the 
world,  and  perfectly  sound,  yet  the  chord  had  pulled  apart  in  several 
places.  This  bridge,  a  200-foot  span,  had  something  to  do  to  carry  its 
own  weight,  hence  the  result;  and  it  will  invariably  be  found  that  the 
accredited  factor  of  safety  in  the  Howe  truss  is  far  too  high. 

In  the  Warren  girder,  for  braces,  on  which  the  maximum  strain  is  ten- 
sion, but  subject  also  to  compression,  flat  bar^  connected  by  zigzag 
bracing  are  frequently  used.  This  is  objectionable,  owing  to  the  ten- 
dency of  the  rivets  to  shake  loose,  and  to  the  frequency  of  damage  by 
handling. 

In  the  combination  Warren  girder,  the  usual  practice,  until  quite  re- 
cently, has  been  to  place  the  centre  of  pin  at  the  bottom  of  the  top 
chord,  which  is  very  objectionable.  It  causes  such  a  severe  eccentric 
strain  in  that  member  as  to  diminish  its  safety  fully  one-half.  It  also 
involves  a  change  in  some  of  the  iron  members  of  the  web,  in  case  the 
wooden  parts  of  the  truss  are  to  be  replaced  by  iron.  Adjustable  coun- 
ter-ties in  quadrangular  trusses  and  trussed  ties  in  triangular  trusses 
are  expensive  in  workmanship . 

Both  quadrangular  and  triangular  trusses  frequently  have  each  end 
of  floor-beam  or  cross-girder  on  which  the  track  or  flooring  rests  sup- 
ported by  two  suspenders  connecting  the  end  of  the  floor-beam  to  the 
joint  above.  In  order  to  avoid  a  very  large  pin  at  the  joint,  or  excessive 
fibre  strain  upon  it,  these  suspenders  are  frequently  placed  a  considerable 
distance  apart,  in  the  combination  Warren,  2  feet  or  more  being  not  un- 
common. The  deflection  of  a  floor-beam  when  the  load  comes  upon  it, 
causes  an  excess  of  weight  to  be  thrown  upon  the  inner  suspender.  This 
unequal  strain  is  conveyed  by  the  suspender  through  the  pin  on  which 
it  hangs  to  the  various  members  of  the  truss,  whose  unequal  extension  or 
compression  gives  rise  to  distortion  and  cross  strains.  There  is  not  only 
danger  that  one  suspender  may  carry  the  load  intended  for  both,  but  the 
much  greater  one  that  incompetent  inspectors  may  screw  them  up  so 
hard  as  to  cause  contrary  flexure  at  the  inner  one,  increasing  thereby 
many  times  the  strain  it  was  designed  to  take,  stretching  it  far  beyond 
its  elastic  limit,  and,  if  this  treatment  is  persevered  in,  ultimately  break- 
ing it,  though  amply  strong  under  proper  treatment.  For  this  reason^ 
the  writer  does  not  consider  adjustments  advisable,  when  used  in  connec- 
tion with  iron  floor-beams.     With  wooden  floor-beams  the  danger  is  not 
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SO  apparent,  as  the  timber  will  yield  and  relieve  the  suspender  to  a 
much  greater  extent,  but  in  any  case,  a  suspender  without  screw  adjust- 
ment is  undoubtedly  preferable.  Detail  D,  Plate  XXX,  shows  a  wooden 
floor-beam  with  pin  connections.  Shrinkage  can  be  provided  for  by  the 
use  of  shims. 

Advantages  of  the  Combined  Teuss. 

First. — As  there  are  no  confined  quadrangles,  and  as  wooden 
braces  with  iron  tensile  connections  are  not  used,  there  can  be  no  tem- 
perature strains. 

Second. — As  the  suspenders  act  independent  of  the  chord  at  D,  the 
weight  at  these  points  can  reach  the  joints  A  and  C  of  the  primary  truss 
in  no  other  way  or  manner  than  as  described;  and  as  the  primary  truss 
consists  of  a  single  system  of  triangular  figures,  a  weight  at  any  joint  of 
it  can  go  in  but  one  way  to  either  point  of  support;  consequently  there 
can  be  no  ambiguity  of  strain. 

Third. — As  the  length  of  any  one  or  more  of  the  members  of  the 
primary  truss  or  of  the  suspenders  can  be  changed,  and  the  work  still 
come  together  as  readily  as  before,  adjustments  are  uncalled  for. 

Fourth. — As  the  centre  as  well  as  all  other  ties  are  never  subject  to 
reversed  strain,  the  effect  of  dead  load  being  always  much  more  than 
sufficient  to  prevent  it,  zigzag  bracing  is  not  necessary. 

Fifth. — As  the  pairs  of  inclined  suspenders  at  D  can  be  placed  as 
near  together  as  desired,  and  in  contact  with  the  floor-beam  suspender 
between  them,  the  latter,  at  these  points,  can  be  a  single  bar  at  the 
centre  of  pin  without  increase  of  cost.  The  vertical  suspender  can  be 
made  a  single  bar,  passing  through  the  floor-beam,  if  the  latter  is  of 
wood,  or  in  pairs  connected  by  pin  with  a  single  loop  or  plate  suspender 
between  them,  if  an  iron  floor  beam  is  used.  The  few  remaining  panel 
points,  which  are  located  at  the  joints  of  the  primary  truss,  may  be  pro- 
vided with  a  single  suspender  by  the  use  of  a  larger  pin  than  would  be 
otherwise  necessary. 

Sixth. — Provision  against  eccentricity  in  combination  trusses  by 
means  of  properly  constructed  chord  boxes  can  be  made  at  small  ex- 
pense, for  in  the  great  majority  of  cases  but  a  single  joint  in  each  truss 
requires  such  provision. 

Seventh. — As  there  are  no  adjustments  to  get  out  of  order,  it  re- 
quires little  or  no  superintendence  after  it  is  once  erected,  and  it  cannot 
be  injured  by  unskilled  inspectors. 
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Eighth.— K^  every  part  is  under  strain,  whether  the  rolling  load  is  on 
or  oflf  the  bridge,  there  will  be  but  little  distortion  or  rattling  and  abra- 
sion of  parts,  also  fewer  repairs  will  be  required,  and  a  longer  life  in- 
sured than  in  counter-braced  forms. 

N'iuih. — It  will  be  found  more  economical  in  workmanship  than  most 
forms,  owing  to  the  absence  of  sleeve  nuts  or  adjustments  of  any  kind 
in  the  truss  members,  its  freedom  from  zigzag  bracing,  and  its  greater 
uniformity  of  members.  It  is  also  found  more  economical  in  material, 
as  shown  by  the  accompanying  strains  and  sections,  and  wide  range  of 
careful  comparative  estimates  of  cost. 


TABLE  No.    1. 

Nearest  Equivalent  Unifoem  Rolling  Loads  in  Pounds  per  Lin:f,al 
Foot  of  Bridge,  which  mat  be  Substituted  for  Wheel  Loads 
in  the  Calculation  of  Strains  without  Material  Error. 
Spans  from   10  to  500  feet. 
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Panel  Weight  Multiples  Cokresponding  to  Maximum  Steains  in  the 
Vertical  and  Lateral  Systems  of  Bridges,  Class  A,  Plate  XXX. 
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Fig.  2.     8  Panels— Through. 
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TABLE  No.  2— Continued. 


Fig.  3     8  Panels— Con'd. 
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Fig.  9.    14  Panels—Through. 
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Fig.  11.     16  Panels— Con'd. 
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Fig.  13,      20  Panels— Con'd. 
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TABLE    No.    2. 

Notation. 

K  =  ratio  or  shear  multiple. 

N  =  minimum  number  of  panels  loaded  for  maximum  strain. 

1  =  length  of  panel. 

k  =  length  of  member. 

d  =  depth  or  vertical  component  of  member. 

b  =  width  of  lateral  system. 

W  =  wind  force  at  top  of  end  brace. 

M  =  bending  moment. 

The  strains  in  portal  bracing  cannot  well  be  represented  in  the  table.  They 
are  shown  on  Plate  XXX,  and  will  be  found  much  greater  than  are  usually 
provided  for.  Although  the  writer  does  not  understand  the  necessity  of 
adding  largely  to  the  cost  of  a  bridge  by  providing  against  tornadoes  sufficient 
to  hurl  an  ordinary  train  from  the  track,  with  a  working  strain  on  the  material 
far  within  the  elastic  limits,  and  which  would  be  safe  if  they  were  of  daily  and 
hourly  occurrence,  yet,  if  this  extraordinary  provision  is  made,  it  should  evi- 
dently be  observed  in  the  portals. 

Specifications. 

The  following  specifications  have  been  observed  in  all  estimates  follow- 
ing : 

Dead  load.        |  g^^  ^^-^^e  of  strains  and  sections. 
Rolling    load.  J 

'Inclined   suspenders 20% 

Long  vertical  suspenders  and  counters 25  % 

Iron  floor-beams  and  stringers  (panel  length  under  20  ft. )  . . .  25  % 
"  '♦  "  "        (     "  "       over  20  ft.) 20% 

^  Floor-beam  hangers 50  % 

30  lbs.  per  square  foot  of  exposed  surface  considered  as  a  uniform 
load,  and  300  lbs.  per  lineal  foot  considered  as  a  rolling  load. 

f  Wrought-iron  truss  members,  75'  span 9  000  lbs. 

"  other  spans 10  000  " 

Steel  "  "  "  "      14  000  " 

tension        ^   ^^^'  ^^^S^  ^^  i^^^  floor-beams  and  stringers 10  000  " 

Wind  bracing,  iron 15  000  " 

"  "       steel 21000  ♦' 

(^  Timber,  yellow  pine  (Howe  truss) 1  200  '* 


Impact.  -{ 


Wind. 
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Unit  strains 
compression. 


f  Sqr.    Sqr. 
J  000 


Wrought-iron .  -{   i  i     004 


Sqr.   Pin. 
8  000 

12 

1  +  .006 


Pin.  Pin. 
8  000 


1+.008  — 
r- 


Steel. 


1  =  length  in     feet,    and    r  =  radius     of 
gyration  in  inches. 

f  Under  16  diameters,  14  000  lbs. 

-j   Over  16  "  substitute    11  000  for 

[      8  000  above. 

Sqr.    Sqr. 
1050 


Yellow   pine. 


Sqr.    Pin. 
1  050 


Pin.    Pin. 
1050 


1  + 


.002(i^yi+.003(^)^  +  .004Qy 


-^  =  ratio  of  length  to  least  dimension, 
d 


Alternate  ten 
sion  and  com 
pression. 

Shearing. 

Bearing. 

Bending. 


Top  flange  of  iron  floor-beams  and  stringers  (gross).     8  000 

Yellow  pine  floor-beams  and  stringers 1  000 

f  Maximum  compression  -j-  maximum  tension  (iron). .   10  000 
-  ■{  "  "  only.  See  compression  formulae  above. 

[  Use  the  one  giving  the  greatest  result. 

Iron 7  500  lbs.  Steel 10  000  lbs. 

(Pins 12  500    "  "    18  000    " 

I  Eivets 15  000    "  "    20  000    " 

Pins 15  000   "  "    20  000    " 


Estimates  or  Quantities  and  Cost. 

Classification. 

The  classification  of  iron  in  all  estimates  following  is  the  same  as  now  in 
force  at  the  Union  Iron  Mills  in  Pittsburgh. 

Weights. 

The  weights  given  are  in   all  cases  gross  or  mill  weights.     For  finished 
weights  a  proper  allowance  must  be  made  for  waste  in  manufacture. 

Cost. 

The  rates  for  iron  are  those  ruling  about  a  year  ago,  at  which  time  several 
of  the  estimates  were  made,  as  they  are  thought  to  be  none  too  high   as  an 
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average  for  different  times  and  seasons;  all  later  estimates  have  been  made  to 
conform  thereto.     They  are  as  follows  : 

Wrought-iron,  single  rolled 2 .  60  cents. 

Rod   iron 2 .  75 

Double  rolled 3 .  00 

Plates  and  angles 3 .  00 

Beams  and  rivets 4 .  00 

Channels 4 .  20 

Nuts 10.00 

Steel 4.00 

To  the  resulting  average  price  the  following  additions  have  been  made  for 
manufacture,  profit  and  transportation  to  bridge  sites  : 

For  Howe  truss  bridges 1 .  63  cents. 

"    combination    " 2.00 

' '     iron  and  steel  "       2 .  38 

f  Howe  truss  bridges 3 .  38 

Castings,  finished  an d_ delivered.  \  Combination    "     3.88 

[  Iron  and  steel  "     4.38 


Timber. 

The  prices  for  timber  are,  for  pine,  those  of  the  Yellow  Pine  Lumber 
Association,  with  $12  per  M.  added  for  freight  ;  and  for  oak,  $18  per  M. 
delivered. 

Example  or  Strain  Calculations. 

The  nearest  equivalent  uniformly  distributed  rolling  load  will  be  sub- 
stituted for  the  wheel  loads  in  the  calculation.  The  results  will  be  nearly 
the  same,  and  are  more  readily  obtained.  The  method  can  be  applied  to  any 
of  the  figures  given  on  Plate  XXX  by  aid  of  Tables  1  and  2. 

Example,  Plate  XXX,  Class  A,  Fig.  4. 


Combination  Bridge.     10  panels  of  15'. 0  each. 


Span,    ISO'.O  c 
Depth,  28'.0 
Width,  16'.0 


to  c  pins. 
"      chords. 
"J    trusses. 


Dead    load,    1  220  lbs.  per  lin.  ft.  bridge. 

'  2  74-ton  cons'n  engines,  followed 


Boiling  load 


dead  load  per  panel  per  truss 
rolling "       "        "  "         " 

maximum  panel  load 


Truss       ) 
members.  ■*  "  '  = 

(  W"    : 

(W  +  W  )  horizontal  =  (9  150  +  20  625)  X  15  -^28  =15  590    " 


by  2  000  lbs.  per  lin.  ft.=2  750 
lbs.  per  lin.  ft.  bridge. 

=     610  X  15  =  9  150  lbs. 
=  1  375  X  15  =  20  625  " 
=  1  930  X  15  r=  28  950  " 


Table  1. 
1  =  150   ft. 
1=  30  " 


Top  laterals.    W 

(W 
Bot.  laterals.  <  ■^, 


=  wind  against  one  panel  of  bridge  (uniform)  =    72  X  30  =  2  160  lbs. 
=       "  "  "        "       "  floor      (       "        )=    75  X  15  =  1  125     " 

=      "  "  "       "      "  tj-ain     (  rolling  )  =  300  x  15  =  4: 500    " 
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THACHER   OJ^   BRIDGE   TRUSSES. 


Strains  and  Sections  used  in  the  Comparative   Estimates  of  Quantities 
AND  Cost  for  Combination  and  Howe  Truss  Bridges. 


Combined. — Class  A,  Fig.  1. 

Span,  75'  .0  c  to  c  pins. 
Depth,  22'  .0    "       chords. 
Width,  15'  .4    "       trusses. 
Dead  load,  1  000  lbs.  per  lin.  ft. 
Rolling  load,  two  80.7-ton  consolidation  engines. 
Floor  beams,  2  pes.,  9"  X  18". 
Track  stringers,  2  pes.,  8  '  X  16";  10'  c  to  c. 
Top  bracing  rods,  1"  dia. 
Top  lateral  braces,  6  "  X  6". 
Portal  struts,  6"  X  12". 
Knee  braces,  6"  X  9". 
Bot.  end  strut,  6  "  X  7". 
Bot.  lat.  rods,  If^,"  1".  1".  dia. 
"  long'l    "    1".  1".  1>^"  dia. 
Cross-ties,  7"  X  10"— 16"  c  to  c. 
Guard  rail,  5"  X  8". 
F.  Bm.  hanger,  1  pee.,  2>^"  a . 


Member. 


aB 

Bd 

Dd 

Be  =  Dc 

Bb 

Cc 

ad 

BCD  . . . . 


Strain, 
inc.  imp. 


+ 


75  900 
44  800 
29  200 
22  600 
37  500 
3  100 
37  500 
75  000 


Section. 

Pes. 

Size. 

Area 

d" 

2 

8"  X  13" 

208 

2 

2>i"  X  1" 

5.0 

2 

6"  X  9" 

108 

2 

ItV  □ 

2.26 

1 

HI"  □ 

3.75 

2 

4"  X  7"( 

56 

2 

3"  X  H" 

4.12 

3 

5"  X  12" 

180 

Warren. — Class  B,  Fig.  1. 

Bot.  long'l  rods,  all  1"  dia. 
F.  Bm.  hanger,  2  pes.,  1)4"  a . 
Balance,  same  as  A — 1. 


Section. 

Member. 

Strain, 
inc.  imp. 

Pes. 

Size. 

Area 

a" 

aB 

Be 

cD { 

Bb  =  Dd. 

Cc 

ac 

cc 

BD 

+ 

+ 

+ 

75  900 
50  000 

9  100 
26  700 
37  500 

3  100 
37  500 
67  500 
60  000 

2 

2 

2 
2 
2 
2 
2 
3 

8"  X  13" 
3"  X  if" 

7"  Chan's. 

1%"    D 
4"  X  7" 
3  '  X  U" 
3  "  X  1%" 
5"  X  12" 

208 
5.63 

6.6 

3.78 

56 

4.12 

7.50 

180 

Pratt.— Class  C,  Fig.  1. 

Bot.  long'l  rods,  omitted. 

F.  Bm.  hanger,  2  pes.,  1^"  a  . 

Balance,  same  as  A — 1. 


Class  C,  Fig.  1 — Continued. 


Strain 
inc.  imp. 

Section. 

Member. 

Pes. 

2 
2 
2 
1 
2 
2 
2 
2 
2 
3 

Size. 

Area 

D" 

aB 

Be 

Cd 

Dc 

Bb 

Ce 

Dd 

ac  ...... . 

cd 

CD 

+ 

+ 
+ 

75  900 
50  000 
26  700 

9  100 
37  500 
25  300 

7  700 
37  500 
60  000 
67  500 

8"  X  13" 
4"  X  ii" 
2>^"  X  ra" 
1"  n 
1%"  □ 
6>^"  X  8" 
5"  X  8" 
4"  X  H" 
4"  X  %■' 
5"  X  12" 

208 
6.50 
3.12 
1.00 
3.78 

104 

80 

6.5U 

7.00 

180 

Howe.— Class  D,  Fig.  1. 

Span,  75'  .0  c  to  c,  angle  block. 
Depth,  23'. 0    "      chords. 
Width,  16'  1"  "      trusses. 
Dead  load,  1  450  lbs.  per  lin.  ft. 
Rolling  load,  two  80.7-ton  consolidation  engines. 
Floor  beams,  7"  X  15"=2'  c  to  e. 
Track  stringers,  2  pes.,  6"  X  12". 
'lop  and  bot.  bracing  rods,  1"  dia. 
"  "    lat.  braces,  6  '  X  6". 

Cross-ties,  6"  X  8"=16  "  c  to  e. 
Guard  rail,  5"  X  8". 


Member. 


Strain, 
inc.  imp. 


aB 

+ 

bC 

+ 

cD 

+ 

dD 

+ 

dC&c 

Aa 

Bb 



Cc 

— 

Dd 



dd 



DD 

-r 

83  300 
58  600 
36  300 
15  700 
0 

0 
75  500 
53  100 
32  900 
70  200 
70  200 


Section. 


Pes. 


Size. 


8}4"  X  9' 
834"  X  7" 
8}4"  X  6" 

8"  X  6" 
6  "  X  10" 
1  "  dia. 
2jy  dia. 
lif "  dia. 
IxV'  dia. 
22"  X  14  ' 
22"  X  10" 


Area 

n" 


153 
119 
102 
102 
48 
240 

1.56 
8.4 
5.9 

3.84 
308 
220 


Combined. — Class  A,  Fig.  2. 

Span,  124'  .0  e  to  c,  pins. 

Depth,  24'  .0      "      chords. 

Width,  15'  .5     ♦«      trusses. 

Dead  load,  1  200  lbs  per  lin.  ft. 

Rolling  load,  two  80.7-ton  consolidation  engines, 

followed  by  2  240  lin.  ft. 
Floor  beams,  2  pes.,  9  "  X  18  ". 
Track  stringers,  3  pes  ,  7  "  X  16"=11'  c  to  e. 
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Str.vins  and  Sections  used  in  the  Comparative  Estimates  op  Quantities, 

&c. — [Continued) . 


Class  A,  Fig.  2— Continued. 

Top  bracing  rods,  1"  dia. 

Top  lateral  braces,  6"  X  6". 

Portal  struts,  6"  X  12". 

Knee  braces,  6"  X  9". 

Bot.  end  strut,  6"  X  7". 

Bot.  lat.  rods,  1%.  1%.  l^^.  1".  dia. 

"  long'lrods.  \}4'  1^'  1"  l^V'- 
Cross-tie;^,  7"  X  11" —  16"  c  to  c. 
Guardrail,  5"  X  8". 
Floor  Bm .  hanger,  1  pc.  2K"  n . 


Member. 

aB  . 

Be    . 

Ee.. 

Be  =^ 

Ed. 

Bd=r 

:EC. 

Bb.. 

Cc  = 

Dd.. 

ac  = 

ce  .. 

BE   . 

Strain, 
inc.  imp. 


139  000 

115  000 

71200 

38  100 

26  400 

44  700 

4  600 

75  000 

200  000 


Section. 


Pes. 

Size. 

Area 

D" 

2 

8">^  X  15" 

255 

2 

4"  X  1/g" 

11.5 

2 

6K"  X  13" 

169 

2 

1%"  n 

3.78 

2 

liV  n 

2.82 

1 

2%-  D 

4.52 

2 

4"  X  7" 

56 

2 

5"  X  %" 

7.5 

1 

16"  X  15" 

240 

Bot 
Balance 


Combined. — Class  A,  Fig.  3. 
long'lrods,  Ifg".  lyV'*  !%"•  !"•  dia. 


same  as  A — 2 . 


Member. 


aB 

Bd 

Ed { 

Be 

Ec 

Bb=Ee.. 
Cc  =  Dd. 

ad 

dd 

BE. 


Strain, 
inc.  imp. 


+ 


+ 


+ 


139  000 

104  500 

5  700 

44  900 

38  100 

26  400 

44  700 

4  600 

75  000 

172  000 

168  000 


Section. 


Pes 

Size. 

Area 

2 

n" 

8>^"  X  15" 

255 

2 

4"  X  lA" 

10.5 

2 

9"  cbs. 

8.6 

2 

1%"  □ 

3.78 

2 

ItV  n 

2.82 

1 

'i%"  o 

4.52 

2 

4"  X  7" 

56 

2 

5"  X  X' 

7.5 

4 

5"  X  %•• 

17.5 

1 

18"  X  14" 

224 

Warren. — Class  B,  Fig.  2. 
Floor  Bm.  hangers,  2  pes.,  1%"  n . 
Balance,  same  as  A — 2. 


Member. 


aB 

Be 

cD 

De } 

Bb  =  Dd. 


Strain, 
inc.  imp. 


139  000 
103  000 
70  000 
20  000 
40  200 
44  700 


Section. 


Pes. 


Size. 


%%"  X  15" 
4"  X  IxV 
12"  chs. 
6"  chB. 
6"  X  %" 
IH"  □ 


Area 

n" 


255 
10.5 
13.5 

12.3 
4.5 


Class  B,  Fig.  2- 

-Con'd. 

Strain, 
inc.     imp. 

Section. 

Member. 

Pes. 

Size. 

Area. 

a" 

Cc  =  Ee.. 

ac 

ce 

DF 

+ 

+ 

4  600 

75  000 

161000 

172  000 

2 
2 
4 
1 

4"  X  7" 

5"  X  H" 

5"  X  H" 

16"  X  14" 

56 

7.5 

16.25 

224 

Pratt,— Class  C,  Fig.  2. 

Bot.  long'l  rods  omitted. 
Floor-beam  hangers,  2  pes.,  If"  d. 
Balance  same  as  A — 2. 


Section. 

Member. 

Strain, 

inc.    imp. 

Pes. 

Size. 

Area. 

d" 

aB 

+ 

139  000 

2 

8V 

X15" 

255 

Be 

103  000 

2 

5' 

X  ItV 

10.62 

Cd 



70  000 

2 

4' 

X  *" 

7.0 

De 



40  200 

2 

3V 

X  1" 

4.37 

Ed 



20  000 

2 

1' 

n 

2.00 

Dc 

0 

44  700 

1 
2 

1' 

U' 

,. 

1.0 

Bb 



4.5 

Cc 

+ 

63  500 

2 

7' 

X  12" 

168 

Dd 

-f 

38  400 

2 

6V 

X  10" 

130 

Ee 

+ 

17  100 

2 

6' 

X  8" 

96 

ac 

75  000 

2 

5' 

X  W 

9.37 

cd 



129  000 

2 

5' 

X  ItV 

13.12 

de 



161  000 

4 

5' 

V     13" 

16.25 

DE 

+ 

172  000 

1 

16' 

X  14" 

224 

Howe. — Class  D,  Fig.  2. 

Span,  124'  .0  c  to  c  angle  block. 
Depth,  23'  .5      "     chords. 
Width,  16'  .5      "    trusses. 
Dead  load,  1  750  lbs.  per  lin.  ft. 
T>^nij.,„  i^o/i      I  two  80.7-ton  cons'n  engs. 
Rolling  load,    j  fon^^g^  ^y  2  240  lin.  ft. 

Floor  beams,  7  "  X  15" — 2' ,  c  to  c. 
Track  str's,  2  pes.,  6  '  X  12". 
Top  bracing  rods,  1"  dia. 

Bot.         "  "      H",  ItV.  ItV.  ir.  !"• 

Top  lateral  braces,  6"  X  6". 
Bot.       "  "      6"  X  7". 

Cross  ties,  6"  X  8"  — 16  "  c  to  c. 
Guard  rail,  5"  X  8". 


Member. 


aB. 

bC  , 
cD. 
dE. 
eF. 


Strain, 
inc.     imp. 


151500 
125  700 
101  500 

77  500 
55  100 


Section. 


Pes 

Size. 

Area* 

a" 

2 

X  11  ' 

242 

2 

X  10" 

220 

2 

X  9  " 

198 

2 

X  8" 

176 

2 

'X  7" 

154 

146 
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Steains  and  Sections  used  in  the   Compakative  Estimates   of   Quantities, 

&c.  —  ( Continued) . 


Class  D,  Fig.  2— Con'd. 


Strain, 

Section. 

Member. 

mc.     imp. 

Pes. 

2 
1 
1 
1 
4 
3 
3 
3 
3 
3 
3 
3 
1 
1 

Size. 

Area. 

n" 

fG 

gF 

fE 

eD,  &e.  .. 

Aa 

Bb 

Cc 

Dd 

Ee 

Ff 

Gg 

fg 

FG 

+ 

-f 
+ 

+ 

34  400 

20  800 

1400 

0 

o! 

136  200 

112  700 

90  100 

68  300 

47  700 

33  100 

199  800 

194  200 

11"  X  6" 

8"  X  7" 
8"  X  6" 
8"  X  6" 
7"  X  11" 
1"  dia. 
2xV'  dia. 

2,V'     " 
liiV     " 

l-U"       " 

iiV    " 

26"  X  15" 
26"  X  11" 

132 

56 

48 

48 

308 

2.34 

14.0 

11.28 

8.85 

6.72 

4.86 

3.33 

390 

286 

Combined. — Class  A,  Fig.  4, 

Span,  147'  .4  c  to  c  pins. 

Depth,  28'  .0       "      chords. 

Width,  16'  .0      "      trusses. 

Dead    load,  1  100  lbs.  per  lin.  ft. 

Eolling  "      2  500     "      "      "     " 

Panel,  64-ton  10-wh.  engine. 

Floor-beams,  2  pes.,  9"  X  18". 

Track  str's,  2  pes  ,  9"  X  16'  —10'  c  to  c. 

Top  bracing  rods,  1"  dia. 

Top  lateral  braces,  7"  X  7". 

Portal  rods,  1^"  dia. 

Portal  braces,  7"  X  7". 

Bot.  end  strut,  6"  X  7". 

Bot.  lat.  rods.  If",  l-jV,  If,  l^",  1"  dia. 

"    long'l  "    li",  1|",  1",  H",  1"       " 
Cross  ties,  7"  X  10"  —  16"  c  to  c. 
Guard  rail,  5"  X  8". 
Floor-beam  hangers,  1  pee.  2"  n  . 


Member. 


aB 

Be 

eF 

Be 

Bd=  Fd 

Fe 

Bb  =  Ff . 
Cc,  &c... 
ac  =  ce.. 

ee 

BF 


Strain, 
inc.     imp. 


+ 


+ 


+ 


134  900 

114  900 

00 

42  600 

30  100 

25  900 

16  700 

32  500 

4  100 

62  800 

174  500 

181  500 


Section. 


Pes. 

Size. 

2 

9"i 

X  15" 

2 

41" 

X  Ij" 

2 

6" 

X  13" 

2 

9" 

chs. 

2 

H" 

n 

2 

H" 

" 

2 

1" 

" 

1 

Hi" 

" 

2 

4" 

X  8" 

2 

4" 

X  \r 

4 

4" 

V    1    3  " 

3 

6" 

X  l^ 

Area. 

d" 


285 

11.25 

156 

9.0 

3.12 

2.54 

2.00 

3.29 

64 

6.5 

17.5 

243 


Combined. — Class  A,  Fig.  5.    Data  same  as  A — 4. 


Strain,^ 
inc.    imp. 

Section. 

Member. 

Pes. 

2 
2 

2 

2 
2 

\ 

2 
2 
4 
3 

Size. 

Area. 

n" 

aB 

Be 

eF { 

Be 

Bd  =  Fd  . 
Bb  =^  Ff . . 
Cc,  &c.... 

ac 

ce 

ee. 

BF  

+ 

+ 

+ 

134  900 
109  400 

3  840 
40  .500 
40  000 
25  900 
32  500 

4  100 
62  800 
76  800 

174  500 
174  500 

9i"  X  15" 
5"  X  l-i^'' 

9"  chs, 

113"     << 

"^15 

4"  X  8" 

4"  X  1" 
4"  X  l^W 

6"    X    13rV' 

285 
10.94 

8.6 
4.14 
2  54 
3.29 

64 

6.5 

8.0 

17.5 

243 

Warren.— Class  B,  Fig.  3. 

Depth,  25'  .0  c  to  c  chords. 
Portal  rods,  lyV  dia. 
Floor-beam  hangers,  2  pes.,  l^V  d  . 
Balance  same  as  A — 4. 


Member. 


aB 
Be. 

cD. 

De, 


eF 

Bb,  &c. 
Cc,  &c. 

ac 

ce , 

ee  

DF 


Pratt.— Class  C,  Fig.  3, 

Bot.  long'l  rods  omitted. 
Balance  same  as  B  3, 


Section. 

Strain, 

inc.     imp. 

Pes. 

Size. 

Area. 

n" 

+ 

138  600 

2 

9"  X  15" 

270 

109  900 

4 

4"  X  H" 

11.0 

or 

!^ 

8.V'  X  15" 

255 

-f 

83  400 

12  "  chs. 

13.8 

+ 

1  900 

1 

6"  oh. 

59  000 

2 

5"  X  ii" 

9.43 



22  000 

+ 

30  800 

2 

9"  chs. 

8.6 

32  500 

2 

'tV  n 

3.44 

+ 

4  100 

2 

4"  X  8" 

64 

70  400 

2 

4"  X  t" 

7.0 



164  300 

4 

4"  X  IgV 

■6.5 

195  600 

4 

4"  X  1^" 

V.)  5 

+ 

187  800 

3 

6"  X  14" 

252 

Section. 

Member. 

Strain, 
inc.    imp. 

Pes. 

2 

2 
2 
2 
2 

1 
1 

1 
Size.           A^- 

aB 

Be 

Cd .,  . 

De 

Ef 

F^ 

Ed 

+ 

138  600 
109  900 
83  400 
.^9  000 
36  800 
22  000 
1  900 

9"  X  15" 

5"  X  1|" 
4"  X  HV' 
3"  X  1" 
3"  X  H" 

li"    D 

h" 

270 
11,25 
8.5 
6.0 
4.12 
2,25 
0.77 
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Strains  and  Sections  used  in  the   Comparative   Estimates  of  Quantities, 

&  c. — ( Contin  ued) . 


Class  C,      Fig.  3— Con'd. 


Member. 


Dc. 

Bb.. 

Cc. 

Dd. 

Ee.. 

Ff . 

ac 

cd.. 

de. 

ef  .. 

EF.. 


Strain, 
inc.    imp. 


'  + 


0 

32  500 

76  000 

55  000 

35  800 

38  400 

70  400 

125  200 

164  300 

187  800 

195  600 


Section . 


Pes. 


Size. 


7" 
6" 
6" 
6" 
5" 
5" 
5" 
5" 
6" 


X  13' 
X  12' 
X  10' 

X  8" 
X   I" 

X  U' 

X  -13' 
^     16 

VIS' 
X  14' 


Area. 

D  '  ' 


0.77 

3.44 

182 

144 

120 

96 

8.75 

12.5 

16.25 

18.75 

252 


Howe.— Class  D,  Fig.  3. 

Span,  147'  .4    c  to  c  angle  block. 
Depth. 23'  .5        "       chords. 
Width,  16'  .7      "         trusses. 
Dead    load,  1  800  lbs.  per  lin.  ft. 
Rolling     "    2  500 
Panel        "         64-ton  10-wh.  eng. 
Floor  beams,  7"  X  15"  —  2'  c  to  c. 
Track  stringers,  2  pes.  6' '  X  12' ' 
Top  bracing  rods,  1' '  dia. 

■Rnt  "  11''     17''     15''    IS' 

DOT,.  i.-^       .Ijo       .lj(5       .Xyg 

Top  and  bot.  lat.  braces,  7' '  X  7" 
Cross  ties,  6"  X  8"  —  16' '  c  to  c. 
Guard  rail,  5"  X  8" 


■  ItVM' 


Member. 


aB 

bC 

cD , 

dh;..... 

eF 

fG 


hG.... 
gF 

fE,  &c 

Aa  . . . . 

Bb.... 
Cc... 
Dd.... 
Ee  . . . . 
Pf..... 
Gg..., 
Hh.  .. 
gb.... 
GH.... 


Strain, 
inc .    imp . 


+ 


161  200 

137  300 

114  800 

92  900 

72  200 

52  600 

34  000 

21800 

3  700 

0 

«l 

143  900 

122  100 

101  500 

81600 

62  700 

44  800 

32  600 

248  400 

243  400 


Section. 

Pes. 

Size. 

Area. 

□  " 

2 

12"  X  11" 

264 

2 

12' '  X  10" 

240 

2 

12' '  X  9" 

216 

2 

12"   X  8" 

192 

2 

12"   X  8" 

192 

2 

1  "   X  6" 

144 

2 

12"   X  6" 

144 

1 

8"   X  7" 

56 

1 

8"   X  6" 

48 

1 

8"   X  6" 

48 

4 

7"   X  12" 

336 

3 

1' '  dia. 

2.34 

3 

2^"  dia. 

14.73 

3 

2tV'  dia. 

12.6 

3 

21- '       .. 

10.65 

3 

l|"       " 

8.28 

3 

IS"      " 

6.21 

3 

If"    " 

4.44 

3 

4    " 

3.33 

1 

28"   X  15" 

420 

1 

28"   X  12'  ' 

336 

Combined. — Class  A,  Fig.  6. 

Span,  168'  .2  c  to  c  pins. 

Depth,  28' .0      "      chords. 

Width,  16'  .0      "      trusses. 

Dead    load,  1  310  lbs.  per  lin.  ft. 

Rolling    "    2  500 

Panel       "         6G-tun  10-wh.  engine. 

Floor  beams,  2  pes.  9' '  X  18" 

Track  str.,  2  pes.  9"   X  16"  —  10'  c  to  c. 

Top  braciijg  rods,  1''  dia. 

Top  lateral  braces,  7' '  X  7" 

Portal  rods,  Ij' '  dia. 

Portal  braces,  7"  X  7" 

Bot.  end  strut,  6"  X  7" 

Bot.  lat.  rods,  \\\' '  to  1' '  dia. 

"    long'l  rods,  1/g' '  to  1" 
Cross  ties,  7"  X  10"  —  16' '  c  to  c. 
Guardrail,  5"  X  8"' 
Floor  bm.  hangers,  1  pee.  2^' '  sqr. 


Member. 


aB, 

+ 
4- 

+ 
+ 

+ 

Be 

cD 

De: 

=  re.'.' 

Bb, 
Cc, 
ac  . 

&c... 
&c 

ce  = 
DF 
FF 

=  eg... 

strain, 
inc.    imp. 


164  000 

135  500 

109  000 

112  000 

28  300 

60  500 

38  400 

4  600 

73  400 

180  500 

267  000 

240  000 


Section . 


Pes. 


Size. 

Uf 

'   X  15" 

4" 

xii" 

10. J' 

'    X  15'  ■ 

W 

X  li'  • 

n 

'     n 

9" 

X  12" 

2' 

D 

4' 

X  8" 

5' 

X  i" 

5' 

23' 

X  14" 

22' 

X  14" 

Area. 

n' ' 


345 
13.5 

310 
11.25 
2.54 

216 
4.00 

64 

7.5 
18.12 

322 

308 


Combined. — Class  A,  Fig.  7. 

Bot.  long'l  rods,  If^' '  to  1"  dia. 
Balance  same  as  A-6. 


Member. 


aB 

Be 

Cc 

Cf 

fG 

Cd 

Ce  =  Ge. 

Gd 

Bb  =  Gg 
Dd,  &c... 

ac 

cf 

fif 

CG 


Section 


Strain, 
inc.    imp. 


+ 

164  000 

2 

135  500 

4 

+ 

102  300 

2 

116  000 

2 

+ 

47  100 

2 

34  800 

2 



29  700 

2 



19  000 

2 

— 

38  400 

1 

+ 

4  600 

2 

73  400 

2 



133  .500 

2 

— 

240  300 

4 

+ 

247  000 

1 

148 


THACHER   ON    BRIDGE   TRUSSES. 


Strains  and  Sections  used  in  the  Comparative  Estimates   of  Quantities, 

&c. — [Co7itinued). 


Warren.— Class  B,  Fig.  4. 

Depth,  26'  .0  c  to  chords. 
Portal  rods,  1  y%'  '  dia . 
Floor  b.m.  hangers,  2  pes.  1^"    n 
Balance  same  as  A-6 . 

Span,  168' 
Depth,  23' 
Width,  17. 

Howe.— Class  D,  Fig.  4. 

2,  cto  c,  angle  block. 
.5,       "     chords. 
1          "    trusses. 

Strain, 
inc.    imp. 

Section. 

Dead  load,  2  000  lbs.  per  lin.  ft. 

Rolling    "   2  500   " 

Panel       "  66-ton  10-wh.  engine. 

Floor  beams,  7"  X  15  "  — 2' ,  c  to  c. 

Track  str's,  2  pes.,  6"  X  12". 

Top  bracing  rods,  1"  dia. 

Bot.        "            "      li^g"  to  1"  dia. 

Top  and  bot  lateral  braces,  7"  x  7". 

Member. 

Pes. 

Size. 

Area. 

n ' ' 

330 
14.0 

270 
18.9 

8.5 

"i4!55 

"\z.z" 

4.14 

64 

8.12 
19.37 
25.0 

315 

aB 

Be 

cD \ 

De 

eF j 

+ 

+ 

+ 

+ 

166  900 
138  000 

or 

111  000 

85  900 

5  100 

62  000 

25  800 

40  100 

38  400 

4  600 

79  200 

194  400 

252  000 

259  200 

2 
4 
2 

2 

/ 

1 
2 
1 

2 
2 
2 
2 
4 
4 
1 

11"   X  15" 
4"    X     I" 
9"   X  15" 

12"  ch's. 

i\  \}-^^" 

8"  ch's. 
9"      " 

6"      •' 
8"   X  f " 

ItV     n 
4"   X  8" 
5' '   X  it- 
s' '   X  §i" 
5' '   X  lA" 
21' '   X  15" 

Cross  ties,  6"  X  8"  — 16",  e  to  e. 
Guard  rail,  5"  X  8". 

Member. 

Strain, 
inc.     imp. 

Section. 

-^ 1 

Bb,  &c.... 
Cc,  &e 

Pes. 

Size. 

Area. 

n". 

ac 

ce 

eg 

FF 

aB 

bC 

cD 

dE 

eF 

fG 

gH 

hi 

iH 

hG 

gF,  &c.... 

Aa 

Bb 

Cc 

Dd 

Ee 

Ff 

Gg 

Hh 

li 

hi  

HI 

-1- 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

194  300 

169  000 

145  300 

122  000 

99  700 

78  400 

57  900 

38  300 

25  800 

6  200 

0 

0 

173  800 

151  000 

129  100 

107  800 

87  500 

68  000 

49  300 

36  600 

338  600 

333  300 

2 
2 
2 
2 
2 
2 
2 
2 
1 

\ 

3 
3 
3 
3 
3 
3 
3 
1 
1 

12"  X  12" 
12"  X  11" 
12"  X  10" 
12"  X  9" 
12"  X  8" 
12"  X  7" 
12"  X  7" 
12"  X  6" 
12"  X  6" 

7 "  X  12" 
1"  dia. 
2f"  dia. 
2A"     " 

2|"     " 
2t..     .. 

HI"  " 

lii" " 

17"     << 

ir  " 

33"  X  16  " 
33"  X  12" 

288 
264 
240 
216 

Pratt.— Class  C,  Fig.  4. 

Bot.  long'l  rods  omitted. 
Balance  same  as  B-4. 

192 
168 
168 
144 
72 
72 

Strain, 
inc.    imp. 

Section . 

72 
336 
2.34 

Member. 

Pes. 

Size. 

Area. 

d" 

17.82 
14.73 
13.29 
10.65 
8  85 

aB 

Be 

Cd 

De 

Ef 

+ 

166  900 

138  000 

111  000 

85  900 

62  000 

40  100 

25  800 

5  100 

0 

38  400 
102  400 

80  200 
59  300 

39  900 
21  900 
79  200 

144  000 
194  400 
230  400 
252  000 
259  200 

2 
2 
2 
2 
2 
2 
2 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
4 
4 
4 
1 

11"  X  15" 

5"  xir' 

5"  Xli" 
5"   X    r' 
4'  '   X  if" 

3' '  X  ir ' 

lie"    n 
1  "      " 
1"      " 

i,V'    " 

9' '   X  14" 
9'  '  X  12" 
7"  X  12" 
T  •   X  10" 
6"   X    9" 
5"   X    1" 
5' '   X  l/s' ' 
5"   XI" 
5' '   X  l3%' ' 
5' '   X  I3V  ' 
21"   X  15" 

330 

13.75 

11.2.'5 

8.75 

6.5 

4.12 

2.82 

1.00 

1.00 

4.14 

252 

216 

168 

140 

108 

10.0 

14.37 

20.0 

23.12 

25.62 

315 

6.72 

4.86 

3.69 

528 

396 

Fg 

Gf 

Fe 

Ed 

Combined.— Class  A,  Fig.  8. 

Span,  210'  .0,  c  to  c  pins. 

Depth,  28'  .0      "      chords. 

Width,  16'  .5      "      trusses. 

Dead    load,  1  650  lbs.  per  lin.  ft. 

Rolling  "      2  500  " 

Panel      "      66-ton  10-wh.  engine. 

Floor  beams,  2  pes  ,  9"  X  18". 

Track  str's.  3  dcs..  7"  Xkl6".     11'  .5.  c  to  c. 

Bb 

Cc  

Dd 

Ee 

Ff 

Gg 

ac 

cd 

de 

ef. 

+ 
+ 

+ 

+ 
+ 

+ 

fg 

FG 

Top  bracii 
Top  latera 

Qg 
lb 

rods,  If^" 
races,  7"  X 

tol" 

7". 

dia. 

THACHER   OK   BRIDGE   TRUSSES.  149 

Strains  and  Sections  used  in  the  Comparative  Estimates  of  Quantities, 

&0. — ( Continued) . 


Class  A,  Fig.  8— Con'd. 

Portal  rods,  1^"  dia. 

"      braces,  7"  X  8". 
Bot.  end  strut,  7"  X  7". 
Bot.  lat.  rods,  2"  to  1"  dia. 

"    long'l  rods,  l{|"to  1"  dia. 
Cross  ties,  7"  X  11"  — 16"  c  to  c. 
Guard  rail,  5"  X  8". 
Floor  bm.  hangers,  1  pee  ,  2^^"  a , 


Section. 

Member. 

iBiram, 
inc.    imp. 

Pes. 

3 
4 
2 
2 
2 

2 
2 
2 
2 
1 
2 
2 
4 
6 
3 

Size. 

Area. 

n". 

aB 

Be 

cD { 

Df=Hf .. 

He 

Bb  &  c  . . . 

Ce  A:  e 

ac 

Ce=eg. .. 

gg 

DH 

+ 

+ 

+ 

- 

+ 

229  600 

195  900 

or 

163  700 

149  200 

2  400 

60  200 

39  300 

34  000 

21800 

41200 

6  200 

108  400 

275  200 

408  700 

417  000 

10"  X  16" 

5"  X  1" 

12"  X  17" 

15"  chs. 

6"  X  ly 

10"  chs. 
ItV  0 
ItV  " 
ItV  " 
2tV  " 
4"  X  8" 
5"  X  1^' 
6"  X  If" 
5"  X  li" 

10"  X  17" 

480 

20.0 

408 

26.0 

15.0 

11.7 

41.4 

3.44 

2.26 

4.25 

64 

11.25 

27.5 

41.25 

510 

Warren. — Class  B,  Fig.  5. 

Floor  bm.  hangers,  2  pes.,  l^V'  □ . 
Balance,  same  as  A-8. 


Member. 


aB 

Be 

cD 

De 

eF 

Fg { 

gH { 

Bb,  &e  . . . 
Cc,  &e.... 

ac 

ce 

«g 

FH 


Strain, 
inc.    imp. 


Section. 


Pes. 


+ 


229  600 

195  900 

or 

163  700 

132  900 

103  500 

7  400 

75  800 

32  800 

49  500 

41200 

6  200 

108  400 

275  200 

375  100 

400  100 


Size. 


10"  X  16" 
5"  X  1" 

12"  X  17" 

15"  chs. 
5"  X  If 

12"  chs. 
7"  eh. 
6"  X  i" 

10"  Chs. 

liV  a 
4"  X  8" 
5"  X  1^' 
5"  X  li" 
5"  XU" 
10"  X  16" 


Area. 

a  . 


480 
20.0 
408 
26.0 
13.75 
18.3 

13.2 

10.5 
4.14 
64 
11.25 
27.5 
37.5 
480 


Whipple.— Class  E,  Fig.  2. 


Bot.  long'l  rods  omitted. 
Floor  bm.  hangers,  pes.,  1^^"  a , 
Balance,  same  as  A — 8. 


Howe. — Class  D,  Fig.  5, 

Span,  210'  .0,  c  to  c,  angle  block. 
Depth,  28'  .0       "       chords. 
Width,  18'  .1        "       trusses. 
Dead  load,  2  400  lbs.  per  lin.  ft. 
RoUing  "      2  500 ' 
Panel      "     66-ton  10-wh.  engine. 
Floor  beams,  7"  X  15  "  —  2' ,  c  to  c. 
Track  stringers,  2  pes.,  6"  X  12". 
Top  bracing  rods,  li"  to  1"  dia. 
Bot.       •'  "     lig"  to  1  "  dia. 

Top  and  bot.  lat.  braces,  7"  X  7  " 
CrotiS  ties.  6"  X  8"  — 16",  c  to  c. 
Guardrail,  5"  X  8". 


Member. 


aB 

bC 
cD. 
dE 


Strain, 
inc.     imp. 


+  260  000 
-f,  234  000 
-f  210  000 
+   185  500 


Section. 


Section. 

Member. 

inc.    imp. 

Pes. 

3 

2 

2 

2 

2 

2 

2 

2 

2 

2 
■2 

2 
4 
4 
4 
6 
6 
1 

Size. 

Area. 

3  "  . 

aB 

Be 

Bd 

Ce 

Df 

Eg 

Fh 

Gg 

Hf 

Ge 

+ 


229  600 

106  700 

115  100 

96  500 

75  400 

58  500 

42  400 

30  600 

11  900 

0 

41  200 

71900 

57  600 

46  100 

35  100 

27  100 

11400 

108  400 

158  400 

241  700 

308  700 

358  400 

391  700 

408  700 

10"  X  16" 
5"  X  lj%" 
5"  X  1,3^' 
5"  X  1" 

H"  XI" 

4"  X  5" 

ly  n 

7"      «« 

8 

It^^"    o 
13  "  X  15  " 
12"  X  14" 
12"  X  12  " 
11"  X  11" 
10"  X  10  " 
8"  X  10 ' 
5"  X  1,V' 
5"  Xi§" 
5"  X  1/^" 
5"  X  1^  " 
5"  X  l^V' 
5"  X  Ixf" 
30"  X  16  ' 

480 

10.62 

11.87 

10.0 

7.87 

6.0 

4.37 

3.12 

1.53 

1.53 

Bb 

Cc 

Dd 

Ee 

Ff 

Gg 

Hh 

ac 

cd 

de 

ef 

+ 
+ 
+ 

1 
+ 

+ 

4.14 

195 

168 

144 

121 

100 

80 

13.12 

16.25 

24.37 

31.25 

fg 

gh 

FH 

35.63 
39.. 37 

480 

Pes. 

Size. 

2 

14' 

'  X  13" 

2 

14' 

'   X  12  ' 

2 

14' 

'  X  12" 

2 

14' 

'   X  11   " 

1 

Area 

u  " . 


364 
336 
336 
308 
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THACHER   ON    BRIDGE    TRUSSES. 


Strains  and  Sections  used  in   the   Comparative  Estimates  of  Quantities, 

&c. — ( Con  tin  ued) . 


Howe. — Class  D, 

Fig. 

5— Con'd. 

Howe. — Class  D,  Fig.  5 — Con'd. 

Section. 

Section. 

MfiTTll)*^'''. 

Strain, 

Member. 

Strain, 

inc.  imp. 

Pes. 

2 
2 

Size. 

Area,  i 

inc.  imp. 

Pes. 

4 

4 

Size. 

Area 

□  " 

eF 

+ 

162  000 
139  500 

14"  X  10" 
14"  X  9" 

280 
252 

Bb 

Cc 

— 

241  000 
217  000 

2|"   dia 

25"         .. 

23.76 

fG 

21.64 

gH 

+ 

117  000 

2 

14"  X  8" 

2-24 

Dd 

— 

J  94  000 

4 

2i"       " 

19.64 

hi 

+ 

95  500 

2 

14"  X  8" 

2v4 

Ee 

— 

171  0(10 

4 

n"      " 

17.62 

iK 

+ 

74  5110 

2 

14"  X  7" 

196 

h  f 

— 

149  000 

4 

2J^"  dia. 

15.04 

kL 

+ 

54  400 

2 

14"  X  G" 

168 

Gg 

— 

127  400 

4 

2" 

12.56 

IL 

+ 

34  800 

2 

14     X  6" 

168 

Hh 

— 

106  500 

4 

It"       " 

11.04 

IK 

+ 

22  800 

1 

12"  X  6" 

72 

li 

— 

86  200 

4 

lU"      .. 

8.96 

kl 

+ 

2  900 

1 

12"  X  6" 

72 

Kk 

— 

66  400 

4 

Ifs"     " 

6.48 

iH,  &c.... 

0 

1 

" 

72 

LI 

— 

47  300 

4 

li"       " 

4.92 

ol 

6 

8"  X   12" 

576 

11 

— 

481  300 

1 

ivl"  X  16" 

680 

Aa 

•'••■ 

4 

1"     clia. 

3.12 

LL 

+ 

481  300 

1 

42A"  X  14" 

595 

Strains  and  Sections  used  in  the  Comparative  Estimates  of  Quantities  and 

Cost  for  Iron  and  Steel  Bridges. 


Combined. — Class  A,  Fig.  1. 

Vertical  posts  omitted. 
Span,  93'  .5  c  to  c  pins. 
Depth,  22'  .5  c  to  c  chords. 
Width,  15'  .5      "      trusses. 
Dead  load,  1  050  lbs.  per  lih.  ft. 
Rolling  load,  two  82.5-ton  cons,  engs. 
Floor  beams,  26"  deep,  area  =  22.83"  n . 
Track  strs.,   20"     "  "      19.45    " 

Top  struts,  2-5"  chans.  =4.62"  n  . 
Top  lateral  rods,  1"  dia. 
Portal  struts,  2.6"  chans.  =  5.22  "  n  . 
Bot.  end  strut,  2.5"     "      =4.62"n. 
Bot.  lateral  rods,  1^"  .1|'  .1"  dia. 
Bot.  long'l      "    If  .li"  .1^"    " 
Floor  bm  hangers,  .1  loop  .1{§"  a. 
Cross  ties,  7"  X  10"— 16"  c  to  c. 
Guard  rail,  5"  X  8". 


Member. 


Iron. 


aB. 


Strain, 
inc.  imp. 


+ 

B(l 

Dd + 

Be  =  Dc..'— 

lb - 

ad j — 

BD  1  + 


98  000 

60  000 
33  200 
24  900 
42  7(0 
55  700 

111  500 


Section. 


Pes. 

Size. 

1 

9"  ch. 

2 

12"  chs. 

2 

3"  X  1" 

2 

7"  chs. 

2 

IL"  □ 

2 

3"  X  ^- 

2 

3i"  X  if" 

1 

9"  eh. 

2 

12"  chs. 

Area. 

d" 


17.85 
6  00 
6.54 
2.54 
4  50 
5.68 

19.17 


Warren— Class  B,  Fig.  1. 


Bot.  long'l  rods,  1| 
Balance  same  as  A- 


.1"  dia. 


Member. 


Iron. 

aB 

Bo 

cD j 

Bb  =  Dd.. 

ae 

cc 

BD 


Strain, 
inc.  imp. 


-t- 


98,000 

63  400 
12  600 
34  400 

42  7(10 

55  700 

100  400 

89  200 


Section . 


Pes. 


Size. 


9"  ch. 
12"  chs." 

H"  X  \i" 
6"  ch. 

H"  X  i" 

3"  X  i" 

H"  X  if" 

3i"  X  1^' 
9"  ch. 
12"  chs. 


Area 

n" 


17.85 
6.56 

11.98 
4.5 
5.68 

10.06 

17.85 


Pratt  —Class  C,  Fig.  1. 


Bot.  long'l  rods  omitted. 
Balance  same  as  A — 1. 
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Stkains  and  Sections  used  in  the  Oompaeative  EstIxMates  op  Quantities, 

&G. — ( Continued) . 


Pratt.— Class  C,  Fig  1— Con'd. 


Member. 

Strain, 

inc 

imp. 

Iron. 

aB 

+ 

98  000  { 
63  400 

Be 



Cd 

— 

34  400 

Dc 

— 

12  600 

Bb 

_ 

42  700 

Cc 

+ 

28  400 

Dd 

+ 

7  500 

ac 



55  700 

cd 

— 

89  200 

BC 

+ 

89  200  ; 
100  400 

CD 

+ 

Section. 


Fes. 


Size. 


Area. 

D  " 


9"  cli. 
10"  chs. 
H"  X  ii" 

2i"  X  r 

H"  o 

3"  X  I" 
7"  chs. 
7"     " 
4"  X  I" 
4"  X  11" 
9  '  ch." 
10"  chs. 
do. 


18.93 
6.56 
3.75 
1.27 
4.5 
6.3 
6.3 
7.0 
9.0 

14.85 
14.85 


Combined. — Class  A,  Fig.  5. 

Span,  150'  .0  e  to  c  pins. 

Depth,  26'  .0      "      chords. 

Width,  16'  .0       "      trusses. 

Dead  load,  1  220  lbs.  per  lin.  ft. 

Rolling    "    two  74-ton  cons,  engs.,  followed  by  2  000 

lbs.  per  ft. 
Floor  bms.  24' '  deep.    Area  =  22  2  n  ' ' 
Track  strs.  18"     "  "  10.43a" 

Top  struts,  4  angles,  2"  X  2 J"  =  4.2  n  " 
Top  lat.  rods  I"  a. 
Portals  latticed 
Bot.  lat.  rods,  IJ' '  to  1' '  n  . 
Bot.  long'l  "    omitted. 
Floor  bm.  hangers,  8"  X  i|"  . 
Cross  ties,  7' '  X  10'  '—16' '  c  to  c. 
Guard  rail,  5"  X  8"  . 


Member. 


Strain, 
inc.  imp. 


Iron. 

aB 

Be 

l^ {\  + 

Be — 

Bd  n=Fd.,'  — 
Bb  r^  Ff 
Cc,  &c... 

ac 

ce 

ee 

BF 4- 


154  600 

131  500 

4  300 

46  300 

50  700 

34  000 

40  800 

4  600 

77  300 

94  500 

214  700 

214  700 


Section. 


Pes, 


Size. 


12"   ch's. 
5"   X  l^V 

10"  chs. 

2y  •  XI" 


2i' 

^■ 

4" 
5" 
5" 
5" 
12' 


'   X  U' 
chs. 

V  13'  ' 

V  15'  ' 

X   1  3  ' 
•S    ±32 

chs. 


Area 

n ' '  • 


26.82 
13.12 

9.6 
5.0 
3.43 
4.06 
3.6 
8.12 
9.37 
21.87 
26.82 


Warren.— Class  B,  Fig.  3. 
Data  same  as  A-5. 


Member, 


Iron. 

aB 

Be 

cD 

De i 

eF 

Bb  &  c . . 
Ce  &  e.. 

ac 

ce 

ee 

BD 

DF 


Strain, 

me.  imp. 

-U 

154  600 



122  600 

_:- 

93  000 

J- 

2  100 

— 

65  600 

— 

23  200 

+ 

41000 

40  800 

+ 

4  600 

77  300 



180  400 



214  700 

+ 

137  400 

+ 

206  200 

Section, 


Pes. 


Size. 


12"  chs, 

5"  X  Di" 
12"  chs. 

6"  chs. 

5  '  X  \r 

10"  chs. 

2K"  X  le-'' 

4"  chs. 
5"  X  y§" 
.5"  X  P" 
5"  X  ij," 

12"  chs.  " 

12"     " 


Pratt.— Class  C,  Fig.  3. 

Bot,  lat.  rods,  114"  to  l"n 
Floor  beams  riveted  to  posts . 
Balance  same  as  A-5 . 


Member, 


Iron 

aB 

Be .... 
Cd.... 
De . . . . 

Ef 

Fe 

Ed.... 

Bb 

Cc 

Dd  ... 

Ee 

Ff 

ac  .... 
ed.  ... 
de  . . . . 

ef 

BC... 
CD.... 
DE  . . . , 
EF.... 


Area. 

n" 


26.82 

12.5 

16.02 

10.67 

9.6 

4,06 

3.6 

8.12 

18.12 

21.87 

18.00 

25.80 


Section. 

Strain, 

me.  imp. 

Pes. 

Size. 

n" 

+ 

154  600 

2 

12"  chs. 

26.82 

122  600 

2 

5"  X  IK" 

12.0 



93  000 

2 

5"  X  if" 

9.37 

— 

65  600 

2 

3"  X  1>^ 

6.75 



41000 

2 

3"  Xi| 

4.12 



23  200 

2 

IVa"  a 

2.54 



2  100 

2 

%"  a 

1.54 



40  800 

2 

2>^"  X  if" 

4-06 

+ 

96  000 

2 

10"  chs. 

14.4 

+ 

68  600 

2 

10"     " 

10.5 

+ 

44  000 

2 

8"     " 

7.5 

+ 

21100 

2 

6"     " 

5.1 

77  300 

2 

5"  X  il" 

9.37 



137  400 

4 

5"  X  ii 

13.75 



180  400 

4 

5"  X  §1" 

18.12 



206  200 

4 

5"X  IsV 

20.62 

+ 

137  400 

2 

12"  chs. 

18.00 

+ 

180  400 

2 

12"     " 

22.5 

+ 

206  200 

2 

12"     " 

25,8 

+ 

214  800 

2 

12"     " 

27,0 
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Strains  and  Sections  used  in  the  Comparative  Estimates  of  Quantities, 

&c. — [Continued). 


Whipple.— Class  E,  Fig.  1. 
Data  same  as  C-3. 


Member. 


Iron. 

aB 

Be 

Bd 

Ce 

Df 

Ee , 

Fd.... 

Ec 

Bb 

Cc 

Dd 

Ee 

Ff 

ae 

ce 

de 

ef 

BC 

CD 

DF  ... 


Strain, 
ine.  imp. 


+ 


+ 


154  600 

71  000 

70  000 

53  500 

33  800 

25  600 

6  700 

0 

40  800 

38  000 

25  100 

16  400 

6  300 

77  300 

111  500 

163  000 

197  500 

163  000 

197  500 

214  800 


Section. 

Pes. 

Size. 

Area. 

d" 

2 

12"clis. 

26.82 

2 

3>^"  X  1" 

7.00 

2 

3>^"  X  1" 

7.00 

2 

3)2"  X  i§" 

5.68 

2 

23^"  X  H" 

3.43 

2 

ih,"  □ 

2.54 

2 

%"  □ 

1.54 

2 

%"  □ 

1.54 

2 

2y^-  X  if" 

4.06 

2 

7"  chs. 

6.6 

2 

6"     " 

5.1 

2 

6"     " 

5.1 

2 

6"     " 

5.1 

2 

5"  X  il" 

9.37 

2 

5"  X  13^" 

11.25 

4 

5"  X  i§" 

16.25 

4 

5"  X  1" 

20.0 

2 

12"  chs. 

20.4 

2 

12"     " 

24.6 

2 

12"     •• 

27.0 

Combined. — Class  A,  Fig.  13. 

Span,  520'. 0  c  to  c  pins. 

Depth,  65.0      "     chords. 

Width,  22'. 0      "     trusses. 

Dead  load,  3  700  lbs.  per  lin.  ft. 

RoUing  load,  two  80.7-ton  consolidation  engines, 

foUowedby  2  2401in.  ft. 
Floor  bms.  36  "  deep.    Area=45.21  n  ". 
Track  stringers,  30  "  deep.    Areaz=32 .  07  n  " . 
Top  struts,  4  angles,  3"  X  4"=9  96n". 
Top  lat.rods,  5.7 'd  to  2.0d". 
Sub  struts,  4  angles,  3  "  X  3  "  =  7.08a  "  . 
Diagonal  rods,  l>g"  dia. 
Portals,  latticed. 

Bot.  end  strut,  two  10"  chs  =  13.8n  ". 
Bot.  lat.  rods,  11.25  n"  to  3.12  n". 
Center long'l  strut,  two  6"  chs  =  5.1  a". 
Floor  beam  hanger,  8"  X  ^'. 
Bot.  long"l  rods,  omitted. 
Cross-ties,  8"  X  10"  =  16"  e  to  c. 
Guard  rails,  6"  X  8"  and  8"  X  12". 
Bottom  laterals,        ) 
Floor  bm.  hangers,  )  Steel. 
Balance,  Iron. 


Class  A,  Fig.  13 — Continued. 


Member. 

Strain, 

inc.  imp. 

Steel. 

aB   

+ 

986  200 

BC 

+ 

934  300 

Cf 

789  500 

Gf 

+ 

483  300 

Gk 

334  70a 

Lk 

+ 

182  000 

Cd'=Gh' 

157  700 

Gf  =rLk' 

— 

113  000 

h'i=k'i.  1 

d'e=f  e. ) 



97  700 

Cc 

— 

122  700 

Ed'  =  Ih  . 

— 

67  500 

Bb,&c.... 

— 

81500 

Gg  =  Ll.. 

—      81  500 

abc 

—     616  400 

edef 

—     583  900 

fghik 

—  1 362  500 

kk     .   .  .. 

—  1  622  000 

CDE 

+  1 270  900 

EFG...    . 

+ 

1  248  000 

GHI 

+ 

1  660  100 

IKL 

+ 

1 637  300 

Iron. 

Be 

+ 

66  000 

Ee  =  li  . . 

+ 

85  400 

Hh'=Kk'. 

) 

Dd'  =Ff . 

1  + 

24  000 

Ef  =  Ik'  . 

15  400 

Section . 


Pes. 


Size. 


42"  X  22" 

7"  X  2" 
30"  X  16" 

6"  X  1" 
18"  X  15 

5"  X  l^A" 

4"  X  1" 

4"  X  %" 
f'[  X  1%' 

^"    ^     16  ' 

3 '  X  1" 

7"  bars. 
7"     " 
7"     " 
7"     " 
42"  X  22" 


10"  chs. 

7"  chs. 

Vs"  □ 


Whipple.— Class  E,  Fig.  3. 
Data  same  as  A-13 . 


Member. 


Steel. 

aB 

BC  .... 

Cd 

Ce 

Df. 

Eg 

Fh 

Gi 

Hk  .... 

II 

Bb 

Cc 

abc 


Strain, 
inc.  imp. 


+ 


986 
934 
350 
368 
318 
273 
225 
182 
136 
101 
81 
122 
616 


200 
300 
200 
600 
800 
200 
500 
100 
600 
500 
600 
700 
400 


Section . 


Pes. 


Area. 

D  " 


107.0 

1U1.2 

.'16.0 

52.4 

24.0 

21.0 

11.25 

8.0 

7.0 

9.0 

4.87 

6.0 

6.0 

44.72 

42.00 

97.12 

116.4 

90.8 

89.4 

118.6 

117.0 

12.3 
15.4 

6.6 
1.54 


Size. 

Area. 

n„ 

42"  X  22" 

107.0 

" 

101.2 

5"  X  1'4" 

25.0 

5"  X  IjV 

26.25 

5"  X  l>i" 

22.5 

5'  X  1" 

20.0 

3^"  X  1^:V' 

16.62 

3^2-  X  \r 

13.12 

3)-,"  X  ii" 

9.62 

3>^"  X  IxV 

7.42 

3"  X  1" 

6.00 

4"  X  lii" 

9.00 

7"  bars. 

44.72 
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Str.vins  and  Sections  used  in  the   Comparative  Estimates  of  Quantities, 

&c. — [Continued). 


Whipple.— Class  E,  Fig.  3— Con'd. 

Whipple.— Class  E,  Fig.  3— Con'd. 

Strain, 
inc.  imp. 

Section. 

Member. 

Strain, 
inc.  imp. 

Section. 

Member. 

Pes. 

4 

6 
6 
6 
8 
8 
8 
8 

Size. 

7'  '  bars. 
7"      "      • 

7"      " 
7"      " 
7"      " 
7"      " 
7"      " 
7"      '■ 
42"   X  22" 

42' '    X  22" 

Area. 

n' ' 

PC'S. 

2 

6 
6 
() 
4 
4 
2 
2 
2 

2 
2 

2 

Size. 

Area. 

D  '  ' 

Steel. 

cd 

de 

ef 

fg 

gli 

hi 

ik 

kl 

CD 

DE 

EF 

FG 

GH 

HI 

IE=KL... 

+ 
+ 

+ 

+ 
+ 
4- 

+ 

583  900 

713  700 

940  800 

1 135  400 

1  297  600 

1  427  400 

1  524  700 

1  589  600 

940  800 

1 135  400 

1  297  600 

1  427  400 

1524700 

1  589  600 

1  622  000 

42.00 
51.63 
67.38 
81.37 
92.75 
102.4 
108.5 
113.8 
81.1 
81.1 
92.7 
102.1 
109.0 
113.5 
115.9 

Iron. 

Be 

Dd 

Ee 

Ff 

og  

Hh 

li 

Kk 

LI 

Kk 

Li 

Kh 

Ig 

+ 

+ 

+ 
+ 

+ 

66  000 

273  100 " 

237  400 

200  200 

166  300 

130  700 

98  300 

64  400 

37  200 

64  600 

23  400 

0 

0 

10' '  cha. 
10"     " 
10"     " 
10"     " 

10"  chs. 

JO"     " 

10'  '     " 

10' '     " 

8"     " 

Hi"  n 
H"    " 
1' ' 
1" 

12.3 

60.3 
52.2 
40.8 
30.0 
24.0 
17.7 
11.4 
7.8 
6.58 
2.. 54 
2.00 
2.00 

Summaries  of  Quantities  and   Cost  for  520  ft.  Spans. 
Combined. — Class  A,  Fig.  13. 

Steel 1  132  977  lbs.  @  6.38  cents  =  $72  283.93 

Wrought-iron 374  403     "      "5.66     "      =    21191.21 

Cast-iron 5  800     "      "    4.38    "      =         254.04 

Timber  (W.  O.) 49  600  B.M.  "  18.00    "      =         892.80 

Total  cost $94  621 .98 

Cost  per  lineal  foot $181.96 

Whipple.— Class  E,  Fig.  3. 

Steel 1084  554    lbs.    @  6.38  cents  =$69  194.55 

Wrought-iron  598  578       "      "    5.91     "  =    35  375.96 

Cast-iron 5  800       "      "    4.38     "  =         254.04 

Timber  (W.  0.). 49  600  B.  M.  "  18.00     "  =         892.80 

Total  cost $105  717.35 

Cost  per  lineal  foot , . .       $203.30 

Note. — The  weight  of  structure  assumed  in  the  preceding  calculation  of  strains 
and  sections  was  found  to  be  somewhat  too  high.  The  resulting  weights,  allowing  3 
per  cent,  waste  in  manufacture,  were  in  favor  of  stability  to  the  extent  of  84  pounds 
per  lineal  foot  for  the  Whipple  truss,  and  323  pounds  per  lineal  foot  for  the  Com- 
bined truss. 

A  reduction  in  the  weight  of  the  st§el  members  of  the  Combined  truss  has  been 
made  in  the  above  summary  sufficient  to  reduce  this  estimate  to  the  same  basis  as  the 
Whipple,  viz.,  84  pounds  per  lineal  foot  in  favor  of  stability. 
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COMPAKATIVE  ECONOMY   OF   IbON   AND   COMBINATION   BRIDGES. 

We  will  consider  a  span  of  150  feet  c  to  c  pins,  Class  A,  Figure  5,  pro- 
portioned for  a  rolling  load  of  two  74-ton  consolidation  engines,  followed  by 
2  000  pounds  per  lineal  foot  freight  load,  equivalent  to  2  750  pounds  per  lineal 
foot  of  bridge. 

Dead  load,  1  220  pounds  per  lineal  foot  of  bridge. 

Depth  of  truss,  26  feet. 

The  quantities  of  material  are  the  results  of  careful  detail  estimates.  The 
prices  of  material  are  those  previously  given.  The  prices  for  erection  and 
renewals  are  those  of  an  experienced  contractor  for  such  work,  who  would 
execute  at  the  prices  named  without  delay  to  trains,  and  the  estimated 
average  life  of  timber  has  been  furnished  by  the  Superintendent  of  Bridges, 
L.  &  N.  R.  B. 

Specifications  preceding.     Interest,  6  per  cent. 

I. — L'on  Bridge  with  Gross  Iron  Floor  Beams,  and  Iron  Stringers  10'.  0  c  to  c. 

Wrought-iron 918.1  lbs.      @  5.80c.  =  $53.25 

Cast-iron 7.3    "         "  4.38c.  =     0.32 

Timber— Y.  pine 6'.9  B.  M.    "2.7c.    =     0.19 

W.  oak 59'.7     "        "1.8c.    =      1.07 

Framing  and  raising =     8. 50 

Total  first  cost,  per  lineal  foot =  $63.33 

$63.33 

Every  2  years,  painting 1.00  -f-  .1236  =     8.09 

"      7       "     timber —material =$1.26 

"      7       "  "  labor =     1.00  =  2.26-^  .5033  =     4.50 

Total  ultimate  cost,  per  lineal  foot =:  $75.92 

11.^ — Iron  Bridge  with  Cross  Iron  Floor  Beams  and  Wooden  Stringers. 

Wrought-iron 773.5  lbs.      @  5.87c.  =  $45.40 

Cast-iron 10.8    "  ".4.38c.  =      0.47 

Timber— Y.  pine 65'.2  B.  M.    "  3.28c.  =     2.14 

W.  oak 59'.7       "       "1.8c.    =      1.07 

Framing  and  raising .    .  , ==      8.50 

Total  first  cost,  per  lineal  foot =  $57.58 

$57.58 

Every  2  years,  painting 0.90  -f-  .1236  =     7.28 

"      7      "      timber— material =$3.21 

"      7      "  "         labor =     1.25=4.46^.5033=      8.86 

Total  ultimate  cost,  per  lineal  foot =  $73.72 

III. — Iron  Bridge  with  Longitudinal  Iron  Floor  Beams  and  Long  Cross-Ties. 

Wrought-iron 827.4  lbs.     @  5.84c.  =  $48.32 

Cast-iron 13.4    "         "  4.38c.  =      0.59 

Timber— Y.  pine 6'.9  B.  M.    "2.7c.    =      0.19 

W.  oak 126'.7    "         "1.8c.    =      2.28 

Framing  and  raising =      8.00 

Total  first  cost,  per  lineal  foot =  $59.38 

$59.38 


Comparative   Estj  mates 
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Span 
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a 
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12 
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" 
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" 

C 

4 

•' 

12 

Pratt . 

D 

4 

" 

Ifi 

Howe 

D 

4 

" 

IG 

" 

A 

8 

210'  .0 

14 

Comb 

A 

8 

•' 

14 

"  1 

B 

5 

" 

14 

Warre 

B 

5 

'« 

14 

" 

E 
I) 

2 
5 

1 

14 
21 

Whip] 
Howe 

D 

5 

21 

" 

A 

1 

93'  .5 

G 

Comb 

B 

1 

'• 

G 

Warre 

C 

1 

" 

G 

Pratt, 

A 

f) 

150' ,0 

10 

Comb 

B 

3 

" 

10 

Warre 

(J 

3 

" 

10 

Pratt , 

E 

1 

10 

Whip; 

TABLE    No.  3. 
Comparative  Estimates  for  Combination  Through  Brtdqes.    Stjmmaetes  of  Quantities  and  Cost. 


Plat 

e  I. 

Span 
c  to  (■ 
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Pratt 

Combined 

Warren 

Pratt 

Whipple 


Cost  per  Lin.  Ft. 


11725 
14  161 
12  372 
10  048 
10  780 

31161 
33  108 
38  329 
31  721 
23  869 
26  664 


39  773 

38  909 

40  321 
47  744 

39  314 
29  249 
33  169 

52  645 
68  877 
61951 
71648 
61  008 
38  753 
43  726 


110  386 
106  740 


95  792 
78  522 
83  696 


62  889 

64  330 

65  923 

137  721 

140  603 
149  169 

141  608 


Lbs.   Rate 


6.81 
6.79 
6.77 


6  351 

6  188 

7  403 

6  681 

7  973 

8  917 

8  678 

9  600 
11670 
16  616 
20  761 

12  600 
12  000 

12  000 

13  000 
12  120 
16  350 

19  426 
24  511 

15  853 

14  743 

15  082 
14  822 

20  663 
26  821 
31  760 

21246 
19  643 


26  862 
47  100 
65  256 


1100 
1100 
1  100 
1100 


Pt.B.M.  Rate, 


11  630 
11  260 
11  970 

25  680 

26  680 

21  640 
20  630 
20  440 

22  420 
46  800 
46  800 

25  1 
24  100 

24  100 

25  910 

23  4.10 


35  150 
32  420 
32  015 
29  316 
34  900 
74  790 
74  790 

50  240 
46  890 


49  960 
120  690 
120  690 


1  040 
1  040 
1040 
1040 


Ft.B.M.  Rate. 


4  650 
4  5.i0 
4  650 
3  180 
2  900 

8  720 
8  720 
8  720 
8  720 
7  140 
6  340 


8  840 
8  840 
8  840 

8  840 
7  900 
6  850 

9  980 


14  090 
14  090 


14  090 
10  960 
9  200 


5  612 

6  612 
6  612 


Iron 
Work. 


$11.26 
13.21 
12.29 
9.63 
10.57 

15.48 
16.66 
19.32 
16.66 
14.01 
16.12 

15.37 
17.10 
16.78 
17.67 
20.45 
17.88 
14.13 
16.52 


26.08 
23.20 
16.51 
19.07 

27.41 
31.18 
30.69 
34.41 
28.04 
26.31 
28.19 


39.27 
40.03 
41.16 

53.67 
64.74 
57.90 
64.75 


Entire 
Work 
Del-d. 


$16.93 
18.72 
18.09 
20.66 


21.92 
23.29 
22.97 
24.24 
26.. W 
24. 5t 
28.42 
30.69 


32.81 
31.01 
32.92 
35.35 

36.93 

39.93 

39.81 

42.92 
37.45 
46.66 
49.38 


40.60 
41.36 
42.48 

64.83 
56.00 
.59.16 
56.01 
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Every  2  years,  paioting 0.90  ^.123G=.      7.28 

"      7       "      timber— material i^  $2.47 

"      7       "  "         labor =.    1.50  =  3.97-^.5033=      7.88 

Total  ultimate  cost,  per  lineal  foot =  $74.54 

IV.  —  Combination  Bridge  with  Cross  Wooden  Floor  Beams,  and  Wooden  Siringers 

10'. 0  c  to  c.     Intermediate  Braces  Iron.     Not  Roofed. 

Wronght-iron 307.7  lbs.      @  5.19c.  =  $15.97 

Cast-iron 80.0    "         "  3.88c.  =      3.10 

Timber— Y.  pine 177'.3  B.  M.   "  3.15c.  =      5.58 

W.  oak 59'.7     "       "1.8c.    =      1.07 

Framing  and  raising =      8.50 

Total  first  cost,  per  lineal  foot $34.22 

$34.22 

Every  2  years,  painting  iron-work 0.50  -^  .1236  =     4.05 

"     7       "      floor  and   laterals— material,  =:  $4.57 
"     7       "  "  "        —labor,       =     2.50 

=7.07-^.5033=    14.04 

"     8       "      truss  timbers— material,         =^     2.08 
"     8       "  "  "      —labor,  =     5.00 

=7.08--   .594=    11.92 

Total  ultimate  cost,  per  lineal  foot =  $64.23 

V. —  Combination  Bridge  as  above.     Top  Chord  and  End  Braces  Roofed. 

First  cost,  preceding  case $34.22 

Koofing 1.50 

Total  first  cost,  per  lineal  foot =  $35.72 

$35.72 

Every  2  years,  painting  iron -work 0.50-^  .1236  =     4.05 

"      7       "      timber— material =  $4.57 

"      7       "  "      —labor =    2.50 

=  7.07^.5033=    14.04 

Every  30  years,  timber— material =    2.08 

"      30     "  "      —labor =    5.00 

"       30     "       roofing  =    1.50 

=8.58^4.744=      1.81 

Total  ultimate  cost,  per  lineal  foot $55. 62 

VI. — Combination  Bridge  with  Cross  Iron  Floor   Beams,  and  Wooden  Stringers 
10'.  0  c  to  c.     Intermediate  Braces  Iron.     Top  Chord  and  End  Braces  Roofed. 

Wrought-iron 414.7  lbs.      @  5.17c.  =  $21.44 

Cast-iron 64.7     "  "  3.88c.  =      2.51 

Timber— Y.  pine 143'.2  B.  M.     "3.18c.  =     4.55 

W.  oak 59'.7      "        "1.8c.    =      1.07 

Framing  and  raising =      8.50 

Koofing 1 .50 

Total  first  cost,  per  lineal  foot $39.57 

$39.57 
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Every  2  years,  painting  iron-work 0.60-:-  .1236  =      4.85 

"      7      "      timber— material —$3.54 

"      7      "  "        labor =    1.50=    5.04^.5033==    10.01 


"30      "            "         material. 
"    30      "            "        labor... 
"    30      "      roofing 


:=      2.08 

=   5.00 

=    1.50=    8.58-^-4.744=      1.81 


Total  ultimate  cost,  per  lineal  foot $56.24 


VII. — Combination  Bridge  with  Longitudinal   Iron   Floor   Beams.     Intermediate 
Braces  and  Bottom  Struts  Iron.     Top  Chord  and  End  Braces  Roofed. 

Wrought-iron 476.2  lbs.      @  5.16c.  =  $24.57 

Cast-iron 69.0    "         "  3.88c.  =      2.68 

Timber— Y.  pine 84'.3  B.  M.    "  3.06c.  =      2.58 

W.  oak 126'.7     "        "1.8c.    =     2.28 

Framing  and  raising =     8.00 

Eoofiner 1.50 


Total  first  cost,  per  lineal  foot $41.61 

$41.61 

Everj'  2  years,  painting  iron- work 0.60  -^  .1236  =      4.85 

"      7       "      timber— material =$2.78 

"      7       "  "  labor =    1.75 

=  4.53 -^-. 5033=     9.00 

material =    2.08 

•         "  labor =    5.00 

'      roofing =:    1.50 

=8.58  4-4.474=     1.81 


30 
30 
30 


Total  ultimate  cost,  -per  lineal  foot $57.27 


SUMMAKY   OF   KeSULTS. 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 


Iron  bridge  with  cross  iron  floor  beams  and  iron  stringers. 
"         "        "         "        "        "  "        "    wooden     " 

"         "        "    longitudinal"  "        "    long  C  ties  .... 


Combination  bridge  with  cross  wooden  floor  beams  and  wooden 
stringers,  not  roofed 


Combination  bridge  with  cross  wooden  floor  beams  and  wooden 
stringers,  roofed 

Combination  bridge  with    cross    iron    floor    beams  and   wooden 
stringers,  roofed 


Combination  bridge  with  longitudinal  floor  beams  and  long  ties, 
roofed 


First 
Cost. 

Ult. 
Cost. 

$63.33 

$75.92 

57.58 

73.72 

59.38 

74.54 

34.22 

64.23 

35.72 

55.62 

39.57 

56.24 

41.  Gl 

57.27 
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Conclusion. 

In  the  preceding  estimates  no  favor  lias  designedly  been  shown  one 
form  of  truss  over  another,  and  the  details  have  been  made  as  nearly 
alike  as  the  nature  of  the  trusses  would  admit. 

All  estimates  have  been  given  as  much  in  detail  as  was  consistent  with 
a  moderate  amount  of  space  ;  this  would  not  admit  of  itemized  bills  of 
material,  but  includes  strains  and  sections  and  data  sufficient  for  reason- 
ably complete  strain  sheets. 

More  space  has  been  given  to  combination  bridges  than  to  those  of 
iron  and  steel,  not  only  because  Class  A  is  particularly  favorable  to  this 
variety,  but  also  from  the  thorough  conviction  that  engineers  in  general 
do  not  fully  appreciate  their  merits.  By  many  engineers  a  combination 
bridge  is  considered  as  a  make-shift — a  temporary  affair  to  be  indulged 
in  only  by  companies  having  but  little  money  and  no  credit — and  that 
iron  bridges  are  permanent  and  ultimately  the  cheapest. 

The  estimates  giving  the  comparative  economy  of  iron  and  combina- 
tion bridges  assume  the  iron-work  to  last  forever  by  occasional  paint- 
ing, and  the  timber  to  be  renewed  as  often  as  required.  On  this  basis, 
comparing  estimates  I  and  Y,  the  combination  bridge  is  found  to  be  in 
first  cost  but  56  per  cent.,  and  in  ultimate  cost  but  73  per  cent,  of  the 
iron  bridge. 

As  a  matter  of  fact,  and  as  abundantly  proven  by  experience  in  this 
country,  the  iron  bridge  cannot  be  considered  of  much  greater  perma- 
iience  than  the  combination.  The  latter,  with  the  top  chord  and  end 
braces  roofed,  and  by  the  occasional  renewal  of  the  floor  timber,  pro- 
vided for  in  the  estimates,  will  last  for  thirty  years,  which  is  as  long  as 
the  average  life  of  the  iron  bridge;  for  some  roads  in  this  country  are  now 
using  the  third  generation  of  iron  bridges. 

The  present  tendency  is  to  increase  and  concentrate  loads,  both  pro- 
pelling and  following,  and  there  is  good  reason  to  suppose  that  the 
experience  of  the  past  will  be  repeated  in  the  future.  It  is  still  an  un- 
settled question  whether  iron  does  not  deteriorate  by  long-continued 
use.  Engineers  are  becoming  more  skilled  year  by  year,  and  gaining 
additional  knowledge  of  materials.  For  these  reasons,  it  would  appear 
to  the  writer  that  a  bridge  which  is  comparatively  cheap,  both  in  first 
and  ultimate  cost,  which  is  safe  according  to  present  standards,  and 
which  can  be  replaced  or  strengthened  at  the  least  outlay  when  these 
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standards  cliange,  is  the  i)roper  one  to  build  when  true  economy  is 
consulted. 

The  comparative  economy  will  vary  considerably  with  locality.  In 
the  immediate  vicinity  of  the  saw- mills  the  combination  plan  is  still  more 
favorable,  while  the  prices  allowed  for  timber  will  place  it  in  nearly  any 
part  of  the  United  States. 

Whenever  it  becomes  necessary  to  renew  the  wooden  parts,  if  it 
should  then  appear  tbat  iron  can  be  substituted  at  a  less  ultimate  cost, 
the  change  can  be  made  with  the  sacrifice  of  little  except  the  castings. 

Objection  is  frequently  made  to  combination  bridges  on  the  ground 
that  they  are  liable  to  bad  framing,  but  good  framing  can  be  commanded 
at  the  prices  named.  The  framing  not  less  than  the  iron-work  is  open 
to  inspection,  and  as  bad  work  can  be  found  in  one  as  in  the  other.  It 
is  true  that  combination  bridges  are  more  subject  to  injury  from  fire  than 
those  of  iron,  as  in  the  latter  the  flooring  only  is  combustible;  neverthe- 
less, losses  from  this  cause  are  comparatively  rare. 

If  it  shall  appear  from  future  experiments  that  the  Thilmany  method 
of  preserving  timber,  which  renders  it  also  fire-proof,  does  not  injure  its 
strength  and  consequent  fitness  for  bridge  purposes,  nothing  more  can 
be  desired. 

Of  Class  A,  the  first  bridge  erected  was  over  Wapsiepinicon  River,  on 
the  Burlington,  Cedar  Eapids  and  Northern  Eailroad,  in  1881 ;  span 
147'. 4  from  c  to  c  of  end  pins.  It  is  combination,  with  wooden  floor 
beams  (see  estimate),  essentially  the  same  as  shown  in  detail  on  Plate 
XXXI,  except  that  the  centre  braces  are  wood.  When  tested  with  the 
weight  of  three  engines  its  deflection  was  |  inch. 

In  1882  some  bridges  were  erected  on  the  Louisville,  New  Albany  and 
St.  Louis  Railroad — one  of  75  feet  through,  combination  (Fig.  1),  and 
one  of  74  feet  deck,  all  iron,  over  Whiskey  Run  ;  also  one  of  124 
feet  deck,  combination  (Fig.  3),  over  Little  Blue  River.  The  above 
bridges,  the  writer  is  informed,  are  all  giving  perfect  satisfaction. 
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ADDRESS 

At  the  Annual  Convention,  at  Buffalo,  N.  Y,,  June  10th,  1884, 

BY 

D.  J.  Whittemoee,  President  Am.  Soc.  C.  E. 


Members  of  the  American  Society  of  Civil  Engineers: 

Gentlemen  :  The  high  object  of  our  profession  is  to  consider  and 
determine  the  most  economic  use  of  time,  power  and  matter.  In  this  we 
are  gravely  responsible,  not  merely  to  ourselves,  nor  yet  alone  to  this 
Society,  but  to  that  large,  restless  and  progressive  portion  of  the  civilized 
world  which  our  organization  assumes  to  represent.  Upon  the  results 
of  your  industry  and  study  largely  depend  the  fortunes  of  a  great  people 
and  the  future  of  a  continent  yet  in  the  infancy  of  its  physical  resources 
and  material  power.  I  am  confident  that  a  consciousness  of  these  rela- 
tions of  our  profession  to  human  progress  will  never  fail  to  prove  a 
controlling  incentive  to  duty  and  fidelity  in  your  relations  to  this 
Society,  and  in  every  field  of  labor  to  which  you  may  be  called. 

It  gives  me  special  pleasure  to  assure  you  of  the  present  prosperity 
of  our  Society,  and  of  its  rapid  progress  in  all  the  necessary  conditions 
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of  permanent  usefulness  and  strength.  The  number  of  persons  now 
connected  with  the  organization,  in  all  relations,  is  837,  of  whom  no  less 
than  622  belong  to  the  grade  of  members  of  the  first  class.  It  has  been, 
and  I  trust  it  will  continue  to  be,  the  policy  of  the  Society  to  accept  for 
membership  of  any  class  only  such  as  are  properly  entitled  thereto  under 
the  wise  provisions  of  our  by-laws. 

Without  attempting  to  give  in  this  address  a  detailed  statement  of  the 
engineering  progress  of  the  past  year,  I  briefly  call  your  attention  to  the 
works  of  our  Canadian  brethren,  in  deepening  the  channels  of  their 
rivers;  in  building  their  railway  across  the  continent,  and  in  the  dis- 
covery by  a  member  of  this  Society  of  the  Rogers  Pass  through  the 
Selkirk  Range  (happily  bearing  the  name  of  the  discoverer),  thereby 
assuring  the  early  completion  of  the  magnificent  enterprise  of  connect- 
ing the  two  oceans  by  rail  on  provincial  territory.  I  also  congratulate 
you  upon  the  rapid  progress  of  railway  construction  in  Mexico,  increas- 
ing in  the  last  few  years  from  a  mileage  of  three  hundred  to  three 
thousand  miles  of  completed  lines  at  the  present  time. 

Among  the  important  subjects  now  legitimately  under  considera- 
tion by  our  Society  is  that  of  reckoning  and  denoting  time.  It  is  not 
surprising  that  members  of  our  profession  should  have  been  the  first 
to  suggest  practicable  reforms  in  this  direction;  and  it  is  a  gratify- 
ing fact  in  the  history  of  our  Society,  that  the  energetic  support  it 
has  given  to  the  establishment  of  standard  meridians  of  time  in  the 
United  States,  and  the  intelligent  industry  of  its  committee  in  dis- 
tributing its  printed  publications  on  this  subject,  have  contributed  prob- 
ably more  than  any  other  cause  to  the  adoption  of  this  reform  over  a 
large  portion  of  the  continent.  Something  remains  to  be  accomplished 
in  order  to  fully  realize  our  views  in  this  direction — a  step  so  natural 
and  simple  in  the  path  of  rational  progress  that  no  serious  argument  is 
required  to  establish  its  value  or  propriety.  If  he  who  causes  a  blade  of 
grass  to  grow  where  none  grew  before  is  a  benefactor  to  his  race,  so  is 
he  a  benefactor  to  his  race  who  enables  us  to  economize  time  and  sj)ace 
by  the  use  of  one  word  instead  of  three  in  the  notation  of  time. 

Hence  it  is  not  strange  that  the  members  of  our  profession,  with 
great  unanimity,  favor  the  numbering  of  the  hours  consecutively  through- 
out the  entire  day,  instead  of  dividing  each  day  into  halves  of  twelve 
hours  each.  We  are  fully  aware  that  we  contend  with  the  prejudice  of 
custom  in  our  attempts  in  this  direction.     That  great  agent  of  modern 
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civilization,  the  railway,  rendered  the  general  adoption  of  Standard 
Time  possible.  Now,  if  that  great  agency  in  public  education,  the  press, 
will  adopt  the  proposed  reform  in  its  records  of  the  daily  hours,  it  is 
believed  that  ''  Ante  "  and  "Post  Meridian  "  time  will  soon  be  relegated 
to  the  past.  The  labors  of  our  special  Committee  on  Standard  Time 
have  been  so  fruitful  in  practical  results  thus  far,  that  I  submit  for  your 
consideration  the  desirability  of  its  continuance,  in  the  hope  that  its 
past  and  future  appeals  to  the  good  sense  of  the  public  may  result  in  the 
accomplishment  of  its  full  desires. 

Our  older  members  have  observed  with  deep  concern  the  rapid  denu- 
dation of  our  forest  lands,  and  the  demands  of  increasing  population 
bring  questions  of  grave  moment  to  the  minds  of  every  thoughtful 
engineer.  Returning  to  the  home  of  my  boyhood  with  the  recollections 
of  only  one-third  of  a  century,  I  find  now  bare  rocks  and  crags  that  in 
my  youth  were  covered  with  a  luxuriant  growth  of  those  green  forest 
trees  whence  my  native  State  derived  its  distinctive  name.  Visiting  the 
great  pine  regions  of  the  Northwest,  we  find  the  railway  pushing  its  iron 
arms  into  the  depths  of  the  forest,  seeking  the  lumber  demanded  in  the 
settlement  of  thosa  great  treeless  tracts  of  our  continent  west  of  the 
Mississippi  and  Missouri  Rivers.  Like  conditions  are  found  all  over  our 
continent  wherever  our  work  leads  us.  Though  many  may  imagine  that 
the  supply  of  timber  cannot  be  exhausted  in  the  near  future,  we  know 
the  fact  that  stumpage  has  nearly  doubled  in  value  in  the  last  decade; 
and  I  am  assured  by  authority  deemed  reliable,  that  the  aggregate 
amount  of  standing  pine  in  the  States  of  Wisconsin,  Michigan  and  Min- 
nesota does  not  much  exceed  80  billion  feet,  while  the  present  annual 
cut  in  these  three  States  is  8  billion  feet — the  average  cut  per  acre  being 
about  5  000  feet. 

Many  of  our  railway  companies  in  the  West  now  find  in  the  transpor- 
tation of  lumber  their  principal  item  of  traffic.  On  some  of  the  streams 
of  Wisconsin  the  conversion  of  logs  into  lumber  is  so  rapid  and  of  such 
volume  that  navigation  is  impeded  by  bars  of  sawdust.  It  is  estimated 
that  the  tonnage  from  one  acre  of  pine  land  equals  the  tonnage  of  agri- 
cultural products  subject  to  transportation  that  is  likely  to  be  raised  on 
the  same  area  in  from  ten  to  thirty  years.  In  view  of  these  facts,  is  it 
not  pertinent  to  ask  how  the  rapid  diminution  of  this  now  cheap  and 
chief  resource  of  the  engineer  and  architect  for  constructive  purposes  is 
to  be  compensated  in  the  future?    It  is  not  in  the  power  of  man  to 
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arrest  the  demand,  and  I  assume  that  it  would  not  be  policy  to  do  so  if 
the  power  were  granted.  It  is  within  onr  province  of  duty,  however,  to 
suggest  processes  by  which  decay  may  be  arrested  in  degree,  and  to  that 
end  we  have  wisely  appointed  a  special  committee.  I  understand  that 
this  committee  has  collected  valuable  and  voluminous  data,  which  may 
prove  of  great  value  in  the  solution  of  this  important  problem.  I  under- 
stand that  the  committee  will  make  a  report  of  progress  at  this  Con- 
vention. 

I  note  with  pleasure  the  growing  interest  shown  by  our  profession  in 
investigations  as  to  the  manufacture,  use  and  properties  of  that  pecu- 
liarly valuable  and  necessary  material  in  all  important  works  of  construc- 
tion— hydraulic  cement.  Unlike  any  other  constructive  substance, 
when  properly  made  and  used,  it  neither  corrodes  nor  decays.  Its  spe- 
cial and  peculiar  value  is  further  manifest  in  the  fact  that  it  has  the 
property  of  increasing  in  strength  with  age,  thus  reversing  the  ordinary 
law  of  decay,  in  conformity  with  the  adages,  somewhat  different  but 
both  true,  that  "When  one  hundred  years  are  past  and  gone,  good 
mortar  turns  to  stone,"  and  that  "At  one  hundred  years  good  mortar  is 
but  a  child."  The  ancients  conferred  hydraulicity  on  their  mortars 
through  the  use  of  puzzolana,  and  through  its  employment  the  construc- 
tions of  the  Romans  of  eighteen  hundred  years  ago  exhibit  less  of  the 
destructive  effects  of  time  than  the  works  in  England  of  one  thousand 
years  later  date,  in  which  hydraulic  mortar  was  not  used.  The  first  use 
of  an  artificial  hydraulic  mortar  in  England  was  by  Smeaton,  in  building 
the  Eddystone  Light-house.  This  has  resisted  the  wash  of  the  waves 
for  a  hundred  years,  and  is  now  replaced  by  a  more  modern  structure 
solely  because  the  abrading  of  the  natural  rocks  on  which  it  rests 
threatens  its  destruction.  Quite  rarely  distributed  over  our  own  conti- 
nent, and  more  rarely  in  perfect  combination  for  our  purposes,  we  find 
certain  transitory  rocks,  generally  lying  between  the  distinct  geological 
formations,  and  partaking  somewhat  in  composition  of  the  under  and 
overlying  formations,  from  which  this  wonderful  product  is  manufac- 
tured. By  the  agency  of  fire,  we  undo  the  carbonizing  process  of  nature 
in  the  formation  of  the  rock,  and  bring  the  product  to  a  condition  con- 
venient for  our  use,  when,  under  proper  manipulation,  Nature  resumes 
her  right  to  impart  strength  and  solidity  to  the  mass.  The  manufacture 
of  this  material  constitutes  one  of  the  largest  and  most  important  indus- 
tries of  the  country  at  the  present  time,  and  its  comparative  value,  with 
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the  proper  methods  of  testing  value,  and  of  attaining  the  largest  results 
by  accurate  manipulation,  are  subjects  which  seem  to  demand  rigid  and 
systematic  investigation  by  this  Society  and  all  intelligent  engineers  en- 
gaged in  practical  construction.  Should  it  be  determined  by  such  inves- 
tigation that  the  value  of  the  American  product,  according  to  the  opinion 
of  many  eminent  authorities,  is  equivalent  to  the  foreign  product  under 
certain  conditions  at  less  cost,  or  sufficient  for  all  practical  purposes  in 
engineering,  much  would  be  gained  to  the  country  in  an  economic  sense, 
and  to  this  result  our  profession  cannot  be  indifferent.  Therefore,  it  is 
pertinent  to  ask  whether  in  our  works,  and  also  in  those  of  the  architect, 
this  remarkable  substance  has  been  understandingly  and  generously 
treated  and  applied  as  its  merits  and  true  economy  demand.  Is  it  gen- 
erally understood  that  the  subtraction  of  one  measure  of  sand  from  our 
very  common  specification,  that  mortar  of  cement  should  be  composed 
of  one  part  of  cement  with  two  of  sand,  nearly  doubles  the  strength  ? 
This  I  find  to  be  true  in  the  average  of  experimental  tests  made  by 
myself  upon  sixteen  different  brands  of  our  American  product.  Or  is  it 
generally  understood  to  what  extent  hydraulic  mortars  should  be  ap- 
plied as  a  source  of  health,  durability  and  strength,  in  structures  of 
either  ordinary  or  extraordinary  character  ?  Many  years  ago,  it  will  be 
remembered,  the  men,  women  and  children  of  this  country,  in  a  spirit  of 
patriotism,  subscribed  their  mites  toward  the  erection  of  a  monument  to 
be  erected  to  perpetuate  the  memory  of  "  the  father  of  his  country,"  the 
surveyor  Washington.  In  1848,  sufficient  collections  having  been  made 
to  warrant  its  commencement,  its  corner-stone  was  laid,  an  artist  having 
been  first  employed  to  design  the  structure  and  a  stone-mason  to  build 
it,  and  in  the  following  eight  years  the  shaft  was  carried  to  the  height  of 
156  feet.  In  1876,  its  completion  was  intrusted  to  a  distinguished  mem- 
ber of  our  Society.  Evidently  neither  the  artist  nor  the  stone-mason  had 
any  idea  of  the  sti;^ins  that  would  be  required  in  a  structure  of  this  mag- 
nitude, and  you  are  all  aware  that  a  new  base  of  cement,  extending  over 
2i  times  the  area  as  originally  constructed,  has  been  inserted  to  secure 
the  stability  of  the  shaft.  Although  it  is  of  record  that  the  original  com- 
mission having  this  work  in  charge  did  purchase  a  small  quantity  of  hy- 
draulic cement,  an  examination  of  the  old  mortar,  excavated  for  the  pur- 
pose of  inserting  the  new  base,  showed  a  free  use  of  quick-lime  mortar 
and  hardly  any  indications  of  cement.  Visiting  this  work  at  the  time,  I 
took  therefrom  mortar  that  had  lain  there  a  third  of  a  century,  and  found 
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it  as  soft  as  if  a  week  old.  Are  not  mistakes  parallel  to  this  being  made 
to-day  by  both  professed  engineers  and  especially  by  architects  ?  By 
reason  of  the  great  utility  of  the  modern  vertical  railway,  many  buildings 
are  being  erected  of  heretofore  unparalleled  height,  requiring  thick  and 
massive  walls.  In  many  instances,  are  not  these  walls  laid  solely  in 
quick-lime  mortar,  in  which  the  exposed  part  becomes  carbonized, 
thereby  shutting  off  the  supply  to  carbonize  and  solidify  the  interior, 
whereas  the  induration  of  hydraulic  mortar  is  an  act  of  crystallization, 
and  takes  place  alike  throughout  the  mass  ?  The  one  is  also  an  absorb- 
ent of  water,  and  under  its  influence  remains  soft,  or  crumbles  under 
pressure,  while  the  other  is  an  expellant  of  moisture,  except  in  so  far  as 
is  necessary  for  crystallization.  I  will  not  take  your  time  in  an  extended 
allusion  to  standard  products  from  abroad,  found  especially  useful  when 
a  maximum  of  strength  within  a  brief  time  is  deemed  essential  to  the 
progress  of  the  work.  At  least  four-fifths  of  the  cement  used  in  this 
country  now  is  of  American  production,  sometimes  variable  in  character 
because  of  want  of  uniformity  in  manufacture  or  manipulation,  and 
therefore  in  works  of  special  importance  often  requiring  special  examina- 
tion, and  special  attention  in  manipulation  and  proportion  of  mixture. 
The  experimental  study  of  this  product  is  one  of  exceeding  fascination 
and  importance,  and  I  suggest  to  those  of  our  members  who  are  in 
charge  of  educational  institutions  the  propriety  of  imposing  upon  pupils 
in  any  department  relating  to  the  duties  of  our  profession  the  necessity 
of  a  complete  practical  knowledge  of  the  manipulation  of  mortars  and 
their  properties,  as  a  condition  of  graduation  and  of  fitness  to  enter  the 
profession.  Perhaps  in  this  way  we  may  ultimately  find  one  of  our  pro- 
fession in  this  country  who  will  make  the  matter  his  life's  study,  like 
Vicat,  who  devoted  thirty  years  of  his  life  to  roaming  over  France  in  the 
pursuit  of  knowledge  in  this  department.  Your  special  Committee  on 
Uniform  Tests  of  Cement  have  formulated  a  partial  report,  which  I  trust 
will  receive  your  earnest  attention. 

Intimately  connected  with  the  subject  last  presented,  is  that  of  con- 
crete foundations  for  street  pavements.  Careful  and  somewhat  extended 
experiments  in  this  direction  were  instituted  some  years  since  under  the 
responsible  supervision  of  a  distinguished  member  of  our  Society.  Re- 
sults in  this  country  thus  far  are  alleged  to  have  equaled  the  highest  antici- 
pations, as  to  durability,  cost  and  the  public  convenience,  and  especially 
in  respect  to  those  sanitary  questions,  so  largely  involved  in  all  enlight- 
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ened  municipal  administration.  In  fact,  there  are  now  few  large  cities  in 
the  United  States  in  which  this  character  of  foundation  may  not  be  found 
exemplified,  in  association  with  surfaces  of  various  material,  includ- 
ing wood,  stone  and  natural  asphaltum.  The  latter  material — natural 
asphaltum — has  but  recently  become  an  important  factor  in  American 
commerce,  and  fortunately  exists  in  great  abundance  within  convenient 
access  from  our  seaports.  The  recent  beneficent  action  of  our  State 
Department,  through  its  consular  agencies,  reveals  to  us  the  interesting 
fact  that  "a  variety  of  bituminous  substances,  from  the  pure  hard 
asphaltum  to  the  fluid  naphtha  and  petroleum,  are  known  to  exist  in 
immense  quantities  along  the  coast  of  the  Gulf  of  Mexico,"  and  that 
inexhaustible  beds  of  nearly  pure  asphaltum  are  found  near  the  port 
of  Tampico,  and  at  other  points  in  Mexico,  and  also  on  the  islands  of 
Cuba  and  Trinidad,  all  at  command  of  American  capital  and  enterprise. 
[See  ''Commercial  Relations  of  the  United  States  " — Nos.  28,  31,  38 — 
1883.]  In  view  of  the  many  purposes  for  which  this  cheap  and  abund- 
ant material  is  believed  to  be  useful,  and  its  rapid  increase  in  public 
favor,  I  submit  to  you  the  question  whether  the  circumstances  do  not 
justify  a  more  definite  consideration  of  its  essential  characteristics  and 
practical  value  in  connection  with  our  profession. 

The  field  of  sanitary  engineering  is  constantly  enlarging.  Questions 
involved  in  connection  with  the  public  health,  the  collection  and  dispo- 
sition of  household  wastes,  the  prevention  of  the  pollution  of  flowing 
water,  and  the  better  assurance  of  pure  air,  are  receiving  the  serious  at- 
tention of  the  public  authorities  and  the  careful  and  extended  study  of 
engineers. 

The  results  of  such  attention  and  study  are  seen  in  improved  house- 
hold appliances,  in  the  extension  and  improvement  of  existing  systems 
of  sewerage,  and  in  movements  toward  the  adoption  of  sewerage  works 
in  many  places  which  heretofore  have  been  without  proper  provision  in 
this  respect.  The  year  past  has  been  especially  marked  in  large  sewer- 
age works  by  the  completion  of  the  new  outlet  connected  with  the  im- 
proved system  of  Boston,  a  very  extensive  undertaking  comprising 
several  points  of  unusual  interest,  as  well  as  by  important  works  in 
other  cities  ;  among  them  the  trunk  sewer  in  Buffalo,  which  will  be  one 
of  the  interesting  constructions  to  be  examined  during  the  period  of  this 
Convention.  Gratifying  progress  has  also  been  made  in  the  introduc- 
tion of  sewers  into  a  number  of  smaller  towns,  as  in  Keene,  N.  H., 
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where  a  strictly  sepamte  system,  with  automatic  flushing,  has  been 
brought  into  use. 

The  world's  production  of  pig-iron  has  increased  from  10  500  000 
tons  in  1869,  to  20  500  000  tons  in  1882.  If  the  latter  quantity  were 
manufactured  into  a  solid  rod  of  iron  one  foot  in  diameter,  it  would  be  of 
sufficient  length  to  girdle  the  world.  In  1874,  the  total  production  of 
steel  ingots  in  the  United  States  was  less  than  200  000  net  tons;  in  1883, 
this  reached  1  654  000  net  tons,  of  which  1  300  000  tons  were  converted 
into  rails.  The  price  of  steel  rails  has  fallen  from  $90  per  ton  in  1874, 
to  about  5$35  at  the  present  time.  I  am  advised  of  a  late  sale  in  Eng- 
land of  nearly  50  000  tons  of  steel  for  bridge  work,  consisting  of  plates 
and  angles,  the  former  at  liVo  cents  per  pound,  and  the  latter  at  liVo 
cents.  This  steel  is  guaranteed  to  have  an  ultimate  strength  of  from  28 
to  31  tons,  an  elastic  limit  of  18  tons,  an  elongation  of  20  per  cent,  be- 
fore fracture,  and  a  contraction  of  arei  at  fracture  of  from  43  to  45  per 
cent.,  carbon  15  to  20  hundreths  of  one  per  cent.  In  addition  to  the  prob- 
lems relating  to  the  safe  and  economic  use  of  iron  yet  unsolved,  we  must 
now  give  our  earnest  attention  to  those  pertaining  to  the  many  grades  of 
steel.  We  desire  to  know  what  precautions  are  necessary  to  be  observed  in 
its  manipulation  into  the  forms  desired  for  construction  purposes.  That 
great  problem  of  the  experimental  determination  of  the  compressive 
strength  of  iron  columns  is  not  yet  satisfactorily  solved.  We  know  but 
little  of  it  in  steel.  Can  we  safely  assume  that  the  same  ratio  exists 
between  the  tensile  and  compressive  strength  of  columns  of  steel  that 
we  have  in  iron  ?  Tensile  tests  are  made  with  comparative  ease,  while 
tests  of  columns  are  difficult  and  expensive,  and  the  results  vary  per 
unit  of  measure  according  to  length  of  the  specimen  tested  and  its 
form.  We  have  a  multiplicity  of  tensional  tests  and  few  of  compression. 
The  relation  between  the  weight  of  the  compressive  members  and  those 
in  tension  in  our  bridges  of  100  feet  span  and  over,  is  nearly  as  5  is  to 
4  ;  hence  it  follows  that  our  greatest  uncertainty  as  to  the  strength  of 
the  structure  is  confined  to  its  larger  portion.  You  are  all  aware  of  the 
action  taken  by  this  Society,  through  its  officers  and  its  committee,  in 
former  years,  in  regard  to  the  subject  of  tests  of  structural  materials, 
and  that  its  labors  have  been  fruitful  to  some  extent. 

We  cannot  expect  that  a  series  of  experimental  tests,  such  as  are 
demanded,  can  be  secured  except  through  governmental  aid,  and  it  seems 
fitting  that  they  should  be  so  made.    -  You  have  been  informed  by  cir- 
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cular  that  there  has  been  included  in  the  official  book  of  estimates  of 
the  War  Department  a  recommendation  that  Congress  make  certain 
appropriations  in  furtherance  of  experimental  tests  of  materials.  I  have 
lately  learned  that  the  recommendation  has  been  transferred  in  a  modi- 
fied form  to  the  Sundry  Civil  Bill  of  Appropriations,  and  its  ultimate  fate 
I  cannot  conjecture.  In  a  conference  with  the  Chief  of  Ordnance, 
under  whose  direction  tests  of  this  character  are  made,  subsequent  to  a 
previous  conference  with  that  officer  by  a  committee  of  this  Society,  I 
found  him  keenly  alive  to  our  wants,  willing  and  anxious  to  undertake 
a  work  that  would  bring  such  rich  results  for  the  public  good  Our  duty 
toward  the  question  of  tests  of  structural  materials  will  not  end  with 
this  or  the  next  Congress.  Our  Government  has  in  its  employ  a  servant 
which  might  be  made  to  utter  a  volume  of  grand  truths  on  this  subject 
— I  refer  to  the  Watertown  Testing  Machine.  To  this  end,  the  material 
aid  of  the  Government  is  an  essential  condition.  Should  this  aid  be 
extended,  we  might  then  have  reason  to  expect  that  facts  far  more 
eloquent  than  words  from  human  tongue  would  fall  from  the  lips  of  this 
marvellous  invention  of  man — facts  which  will  bring  forth  splendid 
results  in  the  office  of  the  engineer  and  architect,  and  finally  enable  our 
States  to  enter  in  their  statutes,  laws  by  which  unworthy  members  of 
either  profession  may  be  convicted  and  punished  in  case  of  disastrous 
incompetency  —a  protection  to  the  public  and  to  the  meritorious  mem- 
bers of  our  profession  now  difficult  to  secure.  May  that  cry  of  the 
little  child  that  went  out  through  the  smoke  and  flame  of  that  terrible 
night  at  Ashtabula,  *'  Save  me,  mother!"  ring  in  our  ears  and  rever- 
berate in  our  hearts  until  all  of  us  are  prompted  to  perform  our  full 
duty  in  forwarding  by  all  proper  effort  the  solution  of  all  questions 
arising  in  our  profession  on  which  the  security  of  human  life  depends. 
When  in  every  large  city  I  see  the  evidences  of  human  progress  in 
the  wires  of  those  marvellous  appliances  for  the  convenience  of  man, 
the  telegraph,  the  telephone,  and  the  electric  light,  a  metallic  web 
across  the  face  of  the  sky;  when  from  my  office  window  I  look  upon  the 
site  of  the  Newhall  House  conflagration,  and  see  the  wires  still  there 
upon  which  personal  friends  leaped  to  their  death,  I  am  forcibly  im- 
pressed with  the  conviction  that  the  engineer  and  the  electrician  must 
join  hands  and  heads  in  their  endeavor  to  eradicate  the  great  evil  in- 
volved in  the  present  arrangement.  In  our  attempts  in  this  direction 
we  must  not  lose  sigLt  of  the  benefits  we  have  received  from  these  ap- 
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pliances  heretofore,  their  great  necessity  at  the  present  time,  the  capital 
invested  and  the  great  interest  at  stake  that  may  be  injuriously  affected 
by  unwise  or  hasty  legislative  action.  This  is  a  subject  now  pressing 
upon  your  attention  and  demanding  that  serious  and  earnest  considera- 
tion you  have  been  disposed  to  accord  to  it  in  years  past. 

The  continuous  increase  in  the  commerce  tributary  to  the  great 
valley  of  the  lakes,  and  in  the  facilities  of  water  and  rail  transportation 
eastward  from  a  vast  agricultural  region  yet  in  the  infancy  of  its  pro- 
ductive power,  commend  to  your  approbation  and  support  every  practi- 
cable plan  for  promoting  efficiency  and  economy  of  transportation  from 
the  lakes  to  the  seaboard.  Therefore  I  feel  assured  that  you  will  give 
thoughtful  attention  to  the  paper  that  I  understand  will  be  read  at  this 
Convention,  treating  of  the  practicability  of  the  enlargement  of  the  Erie 
Canal,  to  the  end  that  lake  vessels  of  the  largest  size  may  pass  to  tide 
water  without  break  of  bulk.  Undoubtedly  there  can  be  found  among 
our  members  those  who  from  their  knowledge  of  the  physical  obstacles 
to  be  encountered  in  such  an  undertaking  are  qualified  to  discuss  this 
matter  with  that  degree  of  intelligence  its  importance  demands. 

It  was  my  hope  to  be  able  to  present  to  this  Convention  some  reliable 
information  as  to  the  success  of  the  reservoir  system  about  to  be  exem- 
plified at  the  head  waters  of  the  Mississippi  River.  The  object  is  to  im- 
pound the  surplus  waters  of  spring  and  early  summer  for  subsequent 
utilization  in  the  interest  of  navigation  during  the  periodic  return  of  the 
season  of  low  water.  But  I  find  that  this  work  is  not  yet  sufficiently 
advanced  to  permit  me  to  give  any  experimental  data  of  value  at  this 
time.  The  plan  at  jDresent  under  consideration  by  the  engineer  in 
charge  of  that  work  refers  not  only  to  the  head  waters  of  the  Mississippi, 
but  also  to  those  of  the  Bt.  Croix,  Chippewa  and  Wisconsin  Rivers  ; 
and  it  is  his  calculation  that  from  the  entire  resources  there  at  his  com- 
mand, 14  600  cubic  feet  of  water  per  second  can  be  drawn  for  a  period 
of  ninety  days,  and  practically  a  similar  quantity  be  added  to  the  dis- 
charge of  the  Mississippi  below  the  mouth  of  the  Wisconsin,  during  that 
period  of  time  when  navigation  is  ordinarily  obstructed  because  of  the 
deficiency  in  the  depth  of  water.  Should  the  experiment  prove  success- 
ful to  the  degree  anticipated,  it  may  then  be  of  moment  for  us  to  deter- 
mine how  far  any  similar  plan  may  be  applied  not  only  for  the  purposes 
of  aiding  navigation,  but  in  ameliorating  the  condition  of  those  many 
portions  of  our  country  periodically  subject  to  destructive  inundations. 
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often   attended,  as  recently,  by  the  loss  of  many  lives  and  millions  of 
dollars  in  property. 

It  is  a  just  cause  of  mutual  congratulation  that  this  Annual  Conven- 
tion of  our  Society  includes  representatives  from  no  less  than  twenty- 
five  States  and  Territories  of  the  American  Union,  in  addition  to  distin- 
guished members  of  our  profession  present  from  France  and  from  at 
least  three  divisions  of  the  British  Empire — Canada,  Nova  Scotia  and 
British  Burma.  This  gratifying  evidence  of  the  continued  prosperity 
of  the  organization  is  diminished  in  no  degree  by  the  fact  that  the  pur- 
pose of  this  Convention  has  reference  less  to  the  pleasurable  consump- 
tion of  waste  time  than  to  the  nobler  purpose  of  comparing  and  utilizing 
the  results  of  mutual  experience. 

It  may  be  asked  why  we  hold  these  Annual  Conventions  at  places 
widely  separated  over  the  continent.  Among  other  reasons  to  be  given, 
is  the  sufficient  fact  that  we  are  thus  enabled  to  observe  and  study  the 
<Vorks  executed  by  our  members,  in  the  only  perfect  records  and  illustra- 
tions extant — in  the  channel  cut  by  human  agency  at  the  mouth  of  the 
Mississippi  River  ;  in  the  steel  arches  that  span  the  same  mighty  stream 
at  St.  Louis;  in  the  first  cantilever  bridges  of  American  construction  at 
Kentucky  River  and  at  Minneapolis;  in  a  like  magnificent  structure  in 
the  vicinity  of  our  present  place  of  meeting;  and  in  hundreds  of  similar 
achievements,  which  first  had  existence  as  a  vision  woven  in  the  brain  of 
the  civil  engineer — each  a  volume  of  instruction  in  principles  and  prac- 
tice, and  a  source  of  boundless  inspiration  to  all  those  members  of  our 
profession  endowed  with  the  capacity  of  comprehending  the  visible  mon- 
uments of  human  genius  and  skill. 

During  our  present  session,  we  expect  to  behold  that  most  marvellous 
evidence  of  Nature's  own  majesty — Niagara.  The  artist  and  the  poet 
have  worshiped  in  picture  and  song  all  that  is  beautiful  and  picturesque 
in  that  mighty  torrent,  and  to  all  of  you  who  love  Nature  in  concrete 
forms  of  beauty  and  grandeur,  this  phase  of  adoration  is  not  denied. 
But  as  true  disciples  of  our  profession,  we  may  see  more  than  this  in 
the  mighty  power  of  the  sun,  first  exerted  upon  the  great  water-shed  of 
the  valley  of  the  lakes,  expending  its  excess  of  non -converted  force  in 
the  abyss  below  the  great  fall — a  vast  and  perpetual  power  passing  for- 
ever to  useless  waste,  while  man  stands  dumb  in  the  presence  of  the 
gigantic  loss,  his  skill  paralyzed  and  his  genius  defeated  by  the  very 
immensity  of  the  ruin.     Surely,  the  mission  of  the  engineer  cannot  be 
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deemed  to  have  been  fulfilled,  or  fairly  appreciated,  until  the  abundant 
voluntary  forces  of  Nature  have  been  conserved  in  a  far  greater  degree 
than  now — until  wind  and  tide  and  all  the  forces  of  earth  and  air  shall 
have  become  the  willing  servants  of  man. 

It  cannot  be  assumed  that  knowledge  acquired  from  practical  obser- 
vation, as  valuable  as  we  know  it  to  be,  in  any  large  degree  supplies  the 
place  of  either  an  established  and  perfected  literature  or  mental  educa- 
tion. In  every  pursuit,  as  a  distinguished  member  of  our  Society  once 
said,  "  when  a  man  has  learned  how  to  learn,  he  can  quickly  learn  any- 
thing." Much  of  the  past  and  present,  indeed,  may  be  learned  by  such 
observation,  and  by  actual  labor  in  the  field.  But  the  ideal  engineer  is 
one  who  knows  far  more  than  can  be  taught  him  by  sight  or  manual 
experience.  By  necessity  he  is  concerned  in  a  knowledge  of  all  the 
sciences,  and  by  an  equal  necessity  he  is  dependent  upon  an  intimate 
knowledge  of  all  the  abstruse  principles  of  science.  It  is  his  duty  both 
to  create  and  apj)ly  knowledge.  He  must  know  the  past,  with  all  its 
noble  examples  and  grand  experiences;  but  he  must  also  comprehend 
the  future,  and  be  constantly  prepared  for  its  successive  revelations  and 
infinite  possibilities.  Hence  we  need  a  literature  far  more  complete  than 
that  we  now  possess;  and  still  more  a  degree  of  preliminary  education 
which  will  ensure  a  broader  capacity,  a  more  successful  facility,  a 
grander  conception  and  comprehension  of  duty,  and  yet  more  splendid 
achievements  in  the  line  of  our  profession  hereafter  than  we  can  now 
boast  of.  We  have  much  reason  to  be  grateful  for  the  noble  action  of 
our  national  government  some  years  ago,  when  it  donated  a  portion  of 
its  magnificent  domain  to  edacation  in  departments  of  knowledge  vital 
to  both  the  civil  and  mechanical  engineer,  and  for  the  valuable  work 
now  being  done  in  those  departments  of  learning  especially  relating  to 
our  profession,  under  the  guardianship  and  added  patronage  of  the 
several  States  in  their  universities  thus  endowed.  This  is  a  source  of 
hope  and  light  in  this  direction  to  which  we  cannot  be  indifferent  in 
action  or  expression;  and  there  is  reason  to  believe  that  it  cannot  long 
be  said  that  our  profession  in  America  is  without  a  literature,  or  that 
degree  of  culture  upon  which  both  the  literature  and  the  largest  success 
of  the  profession  mainly  depend. 

Our  older  members  will  soon  have  passed  off  the  stage  of  active  duty. 
Many  of  us  commenced  our  professional  career  when  but  one  or  two  of 
our  educational  institutions  conferred  the  degree  by  which  our  calling 
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is  designated.  The  most  of  our  engineers  now  start  with  an  advantage 
which  we  did  not  possess,  in  having  received  a  thorough  technical  train- 
ing. I  would  say  to  this  class,  soon  to  succeed  us,  that  much  more  will 
be  expected  of  you  in  the  grand  opportunities  that  await  your  coming 
than  has  been  accomplished  by  us.  With  this  advantage,  coupled  with 
thorough  observation,  mental  activity,  unflagging  industry  and  moral 
rectitude,  a  sure  way  to  professional  preferment  will  be  found  in  new 
and  grander  fields  of  duty  than  we  have  trod.  Many  times,  under  most 
humble  circumstances,  will  be  gained  by  experience  that  which  will  in, 
after  years  enable  you  to  overcome  obstacles  that  threaten  your  pro- 
fessional pathway.  Is  it  not  possible  that  George  Stevenson,  with  head 
bowed  down  to  the  ashes  of  the  hearth  in  his  early  home,  with  eyes 
peering  up  into  the  grate  watching  the  processes  of  combustion,  was 
then  conceiving  the  idea  of  the  steam  blast  in  the  chimney,  that  wliich 
has  made  the  locomotive  the  agent  it  is  ?  Who  knows  but  that  then, 
his  brain  became  pregnant  with  the  grand  idea  that  bore  fruit  in  after 
years,  when  he  said  that  the  sun  was  the  primary  physical  source 
through  which  came  the  power  to  swiftly  drive  the  railway  train  ?  And 
are  not  all  possibilities  with  you,  and  especially  with  you  in  this  age  and 
in  this  land  of  boundless  possibilities?  Proud  as  we  may  be  of  the  re- 
cord of  the  past,  who  would  not  live  to  know  the  grander  record  of  the- 
future  committed  to  your  care  ?  If  from  any  cause  you  may  desire  ta 
abandon  our  pursuit,  may  we  not  hope  that  some  of  you  may  leave  it, 
as  did  Spencer  or  Tyndall,  to  enter  upon  investigations  of  life  and 
Nature's  evidences  of  law,  training  your  minds  to  see  clearly  in  that  far- 
oflf  field  of  human  thought,  where  ours  now  see  but  dimly  ?  As  the 
Almighty  grants  you  knowledge  of  His  truth,  our  profession  surely  will 
ever  stand  ready  to  thank  and  remember  those  who  reveal  it,  and  to  seize- 
and  utilize  that  truth  for  the  best  purposes  of  man. 
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During  a  visit  in  London,  some  time  since,  the  writer  devoted  much 
attention  to  an  investigation  of  the  reasons  for  the  fact,  which  is  un- 
doubtedly true,  that  large  fires  are  much  less  frequent  in  that  than  in 
American  cities.  His  attention  had  been  particularly  called  to  this 
subject  by  a  number  of  published  interviews  with  the  Chief  of  the 
London  Fire  Brigade,  when  in  the  United  States,  in  1882.  The  infer- 
ence which  those  interviews  conveyed  was  that  the  absence  of  large  fires 
in  London  was  due  to  the  superiority  of  the  Fire  Brigade,  and  the  in- 
ference was  also  drawn,  that  the  greater  frequency  of  conflagrations  in 
American  cities,  and  particularly  in  New  York,  was  due  to  the  inferiority 
of  their  Fire  Departments. 
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It  is  not  at  all  intended  in  this  paper  to  dwell  upon,  criticise  or  com- 
pare the  different  Fire  Departments,  but  it  is  proper  to  say  that  the 
results  of  the  writer's  investigations,  as  given  below,  show  that  the  cir- 
cumstances existing  in  London  and  in  New  York  are  quite  different,  and 
also  that  the  inference  above  alluded  to,  as  to  the  inferiority  of  the  Fire 
Department  of  the  latter  city,  is  unjust.  The  promptness,  ejQficiency 
and  bravery  of  American  firemen  are  well  known  here  and  cannot  be 
surpassed. 

In  order  to  make  direct  comparison,  the  writer  has  selected  New 
York  and  London  as  typical  cities.  The  following  observations,  how- 
ever, will  apply  to  most  American  and  English  cities,  though,  perhaps, 
with  not  quite  the  same  force. 

The  London  Fire  Department  receives  much  aid  from  the  peculiarly 
damp  climate.  From  the  average  of  eleven  years  (1871  to  1881,  inclusive) 
of  the  meteorological  observations  made  at  the  Royal  Observatory  at 
Greenwich,  the  following  approximate  conclusions  can  be  drawn  :  In 
London  it  rains,  on  the  average,  more  than  three  days  in  the  week  ;  the 
sun  shines  only  one-fourth  of  the  time  it  is  above  the  horizon;  the  atmos- 
phere only  lacks  IS  per  cent,  of  complete  saturation,  and  it  is  cloudy 
seven-tenths  of  the  time.  Under  these  circumstances,  wood  must  be 
nearly  as  wet,  and  as  incombustible  as  it  is  possible  to  make  it.  It  is, 
consequently,  very  difficult  for  sparks  or  contact  with  weak  flame  to 
ignite  it.  This  is  very  different  from  the  condition  of  wood  in  our  long, 
hot,  dry  seasons.  The  humidity  of  the  atmosphere  in  London  is  very 
uniform,  varying  but  little  in  the  different  months. 

The  average  temperature  for  the  three  wintet  months  in  London  is 
38.24  degrees  Fahrenheit;  in  New  York  it  is  31.56;  New  Y'ork  being  6.68 
degrees  colder.  This  decrease  of  temperature  must  be  the  cause  of  many 
conflagrations,  because,  in  order  to  make  up  for  the  deficiency  in  the 
natural  temperature,  there  must  be  many  more  and  larger  domestic 
fires. 

The  following  statistics  from  the  records  of  the  New  York  Fire  De- 
partment, shows  that  lower  temperature  increases  largely  the  number 
of  fires: 

In  the  three  winter  months  of  1881,  January,  February  and  December, 
there  were  522  fire  alarms;  average  per  month,  174.  In  the  remaining 
nine  months,  1  263;  average  per  month,  140.  In  the  same  three  months 
■of  1882,   there   were  602  fire  alarms;  average  i^er  month,  201.     In  the 
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remaining  nine  months,  1  401 ;  average  per  month,  155.  Or,  in  round 
numbers,  there  were  in  1881  one-fourth,  and  in  1882  one-third,  more  fire 
alarms  in  the  cold  winter  months  than  in  the  nine  warmer  months. 

The  London  Metropolitan  Police  District  covers  690  square  miles,  ex- 
tending 12  to  15  miles  in  every  direction  from  Charing  Cross,  and  con- 
tained, in  1881,  4  764  312  population;  but  what  is  generally  known  as 
London  covers  122  square  miles,  containing,  in  1881,  528  794  houses  and 
3  814  574  population;  averaging  7.21  persons  per  house;  31267  per 
square  mile,  and  49  per  acre. 

The  population  in  New  York  is  more  dense  than  it  is  in  London^ 
South  of  Fortieth  street,  and  between  the  Hudson  and  East  Rivers, 
New  York  has  an  area  of  3  905  acres,  a  fraction  over  6  square  miles,  ex- 
clusive of  piers,  and  contained,  according  to  the  census  of  1880,  a  popu- 
lation of  813  076,  viz. : 


Wards. 

Area  in 
Acres. 

Population. 
Census  1880. 

Average 
per  Acre. 

1 

141 
95 
93 

80 
141 

79 
195 
169 
281 
102 
223 
112 
107 
231 
331 
298 
442 
405 
380 

17  939 
1608 
3  582 
20  996 
15  845 
20  196 
50  066 
35  879 
54  596 
47  554 
68  778 
37  797 
30  171 
31882 
52  188 
104  837 
66  611 
86  015 
66  536 

127 

2  

17 

3 

39 

4 

262 

5 

112 

6 

256 

7 

257 

8 

213 

9 

194 

10 

466 

11 

309 

13 

338 

14 

2M2 

15 

138 

16 

158 

17 

357 

18 

153 

20 

212 

21 

175 

Total 

3  905 

813  076 

Total  average  per  acre  .  . . 

208 

i 


DORSET   ON"   CONFLAGRATIONS   IN   CITIES. 


175 


The  census  of  1880  reports  the  total  number  of  dwellings  in  New 
York  at  73  684;  total  population,  1  203  299;  average  per  dwelling, 
16.37. 

For  comparison,  let  us  select  an  equal  area  from  the  most  densely 
populated  districts  or  parishes  of  London,  as  follows  : 


Name. 


Clerkenwell  (St.  James) 

One  half  of  Camberwell  (St.  Giles).  ) 
(Total,  434  acres,  54  667  pop.)  . .  j 

St.  George.     In  the  East 

St.   George.     South wark 

St.  Giles  in  the  Fields ) 

St.  George.     Bloomsbury j 

Holborn 

St.  James.     Westminster 

City  of  London 

East  London 

West  London 

St.  Luke.     Old  Street 

Shoreditch 

Strand 

Whitechapel 


Total 

Total  average  per  acre . 


Acres. 


380 
217 

243 

282 

245 

196 
164 
434 
153 
136 
220 
646 
174 
406 


3  896 


Population. 


Total. 


Average 
per  Acre. 


64  778 


27  333 


48  376 


54  214 

46  621 
36  401 

55  932 
44  406 
28  790 
54  155 

109  257 
44  460 
79  757 


746  304 


170, 


126, 


200. 


51824  184, 


221 

237. 

222. 
129. 
290. 
211. 
246. 
168. 
255. 
196. 


191.5 
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London  averaged  191.5  persons  per  acre  and  per  house  7.21.  New 
York  for  the  same  area  208  per  acre  and  16 .  37  per  dwelling. 

This  statement  is  hardly  fair,  as  in  London  it  only  includes  the  most 
populous  and  poorest  districts,  corresponding  to  our  entirely  tenement 
districts,  while  in  New  York  it  includes  the  richest  and  most  fashionable 
sections  of  the  city  as  well  as  the  poorest. 

If  the  tenement  districts  should  be  taken  alone,  the  population  would 
be  found  much  more  dense,  and  New  Y^ork  proportionally  much  more 
densely  populated  ;  for  example,  take  four  of  the  most  thickly  populated 
of  the  London  parishes,  viz, : 

Name.  Acres.  Population.  Av.  per  Acre. 

East  London 153  44  406                290. 

Strand 174  44  460                255. 

St.  Luke's.     Old  Street 220  54  155                246. 


St.  Giles  in  the  Fields 

St.  George.     Bloomsbury 


245  54  214  221 


Total 792  197  235 

Average  population  per  acre 249 . 

Take  four  of  the  most  densely  populated  New  York  wards  of  equal 
area,  viz. : 


Number. 

Acres. 

Population. 

Av. 

per  Acre 

10th 

.  . .      102 

47  544 

466. 

11th 

...     223 

68  778 

309. 

13th 

.  . .     112 

37  797 

338. 

17th 

...     298 

104  837 

357. 

Total. . . . 

. . .     735 

258  966 

Average  t 

)opulation  p< 

3r  acre 

352. 

This  is  forty  per  cent,  greater  than  that  of  London  ;  the  districts  are 
nearly  the  same  size,  each  containing  about  one  and  one-fifth  square 
miles 

To  accommodate  this  excess  of  population  in  our  different  style  of 
buildings,  and  considering  the  much  more  free  use  of  wood  in  their 
construction,  it  is  safe  to  say  that  in  New  York  there  is  more  than  double 
thequantity  of  wood  used  in  buildings  per  acre,  than  in  London.     This 
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not  only  makes  a  fire  more  intense,  but  also  more  inaccessible  to  the 
firemen. 

By  selecting  parts  of  the  New  York  wards,  the  population  would  be 
still  more  dense. 

The  Fire  Department,  in  1882,  counted  the  buildings  in  New  York. 
The  total,  by  their  count,  including  detached  sheds,  was  106  885,  of 
which  there  were  built  of  wood  or  other  inflammable  materials  : 

Below  59th  St.  Total  in  City. 

Buildings 9  714  28  798 

Detached  sheds 1  996  3  803 


Total 11  710  32  601 

The  writer  does  not  remember  seeing  in  London  one  wooden  build- 
ing. 

From  personal  inspection  it  is  safe  to  say  that  sixty  per  cent,  of  all  the 
London  houses  are  less  than  fifteen  feet  wide,  twenty-five  feet  deep  in  the 
clear,  and  twenty-two  feet  high  from  the  pavement  to  the  eaves,  and 
contain  less  than  3  000  feet,  board  measure,  of  lumber.  More  than  half 
of  the  remainder  are  less  than  16  feet  wide,  30  feet  deep,  and  40  feet 
high  ;  very  few  being  over  50  feet  high.  St.  James'  Palace  does  not  ex- 
ceed 40  feet,  and  the  Bank  of  England  not  over  30  feet  in  height. 

Many  of  the  smaller  houses  have  a  back  building  about  half  the 
width,  depth  and  height  of  the  main  building.  All  houses  have  a  brick 
division-wall  terminating  in  a  high  fire-wall  between  each  house.  All 
have  fire-proof  roofs,  generally  slate  or  tile. 

In  most  of  the  larger  houses,  and  also  in  a  great  many  of  the  smaller 
ones,  the  partition  or  interior  division  walls  are  of  brick,  and  in  most  of 
the  larger  houses,  both  for  dwellings  and  business  purposes,  the  stair- 
cases are  of  stone,  there  being  in  all  cases  proportionately  much  less 
wood  and  more  brick  and  stone  than  in  New  York  buildings. 

The  London  houses  have  generally  fewer  and  smaller  windows  than 
in  New  York  ;  more  than  sixty  per  cent,  of  the  houses  have  on  the  first 
floor  only  one  small  window  and  door  front  and  rear,  and  on  the  second 
floor  two  small  windows  front  and  rear,  and  more  than  half  of  the  re- 
maining houses  have,  in  aldition  to  the  preceding,  two  small  windows 
on  the  third  floor  front  and  rear. 
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The  walls  being  short,  low  and  generally  well  tied  together,  will  not 
fall  after  the  little  woodwork  within  them  has  been  burned,  and  the  flames 
resulting  from  the  burning  of  this  woodwork  will  be  confined  within  the 
walls,  except  the  little  that  can  escape  through  the  few  small  windows 
and  doors.  These  will,  in  most  cases,  be  too  feeble  to  ignite  opposite  or 
even  adjoining  houses,  especially  as  the  woodwork  is  always  very  damp, 
and  often  wet. 

Owing  to  the  lowness  and  stability  of  the  walls,  the  firemen  can  ap- 
proach close  to  them  without  danger. 

There  are  no  wooden  roofs  or  outbuildings,  and  but  little  wood  in  the 
yards  in  fences  or  rubbish. 

The  ash  barrel  or  box,  so  frequently  the  cause  of  fires  in  New  York,  is 
unknown  in  London,  as  each  house  is  required  by  law  to  have  a  vault 
built  of  masonry  for  ashes. 

The  London  firemen  derive  great  aid  in  checking  fires  from  the  pecu- 
liar plan  of  London,  as  will  be  seen  by  reference  to  a  map. 

The  river  Thames  divides  the  city  into  two  parts,  from  northeast  to 
southwest.  The  river  Thames,  St.  James'  Park,  Green  Park,  Hyde  Park- 
Kensington  Gardens,  and  Holland  Park,  divide  the  city  almost  entirely 
from  east  to  west.  St.  James'  Park,  Green  Park,  Hyde  Park,  Regent's 
Park,  Primrose  Hill,  and  Albert  Park,  almost  divide  the  city  north  to 
south  from  the  Thames. 

The  numerous  smaller  parks,  squares,  circuses,  crescents,  cemeteries, 
church-yards,  private  grounds,  etc.,  offer  equally  good,  though  smaller 
barriers  to  the  spreading  of  fires. 

The  numerous  railroads  running  into  London  (except  the  Metropoli- 
tan and  District)  are  effectual  barriers  to  the  spreading  of  fires,  as  when 
built  above  ground,  they  are  either  embankment,  solid  walls,  or  brick 
viaducts,  being,  on  the  top,  from  sixty  to  one  hundred  and  fifty  feet 
wide,  and  generally  higher  than  the  tops  of  the  houses,  and  when  built 
below  the  street  level,  are  open  cuts,  eighty  to  one  hundred  and  fifty 
feet  wide.  The  numerous  railroad  stations  are  also  great  helps,  as  they 
are  large  and  fire-proof. 

In  addition  to  all  these  advantages  the  city  is  intersected  in  every 
direction  by  many  streets,  so  wide  that  flames  could  not  ignite  the  build- 
ings opposite,  even  if  the  buildings  should  be  the  highest  in  London. 
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It  is  evident  that  the  London  firemen  are  greatly  aided  by  extraneous 
advantages,  which  briefly  summarized  are: 

1st.  The  small  size  of  most  of  the  houses,  which  confines  the  fire  to  a 
very  limited  space  between  brick  walls. 

2d.  The  low,  strong  and  well-braced  walls,  which  enable  the  firemen 
to  approach  them  without  danger. 

3d.  The  high  and  effectual  fire  walls  between  adjoining  houses. 

4th.  The  great  benefit  derived  from  the  houses  being  low  and  small, 
enabling  the  firemen  to  throw  water  easily  all  over  them,  and  with  a  very 
short  ladder  to  reach  the  roof.  And  also  avoiding  the  great  draught 
drawing  the  fire  up  the  stairways  and  wells  of  high  buildings. 

5th.  The  use  of  more  brick  and  less  wood  in  buildings. 

6th.  Absence  of  all  frame  buildings. 

7th.  Absence  of  all  wooden  additions,  outbuildings  or  fences. 

8th.  Fire-proof  roofing. 

9  th.  Absence  of  ash  barrels  or  boxes. 

10th.  The  moist  or  wet  climate  which  prevents  sparks  or  weak  flame 
from  igniting  wood. 

11th.  The  parks  and  Thames  River,  which  divide  the  city  into  distinct 
fire  divisions. 

12th.  The  numerous  parks,  squares,  private  grounds,  wide  streets, 
railroads,  etc.,  all  of  which  are  effectual  barriers  to  the  extension  of 
fire. 

13th.  The  mildness  of  the  winter  climate. 

14th.  The  great  care  of  the  authorities  in  prohibiting  the  manufact- 
ure or  storage  of  combustible  materials,  etc. ,  in  the  populous  portion 
of  the  city. 

15th.  The  very  few  telegraph  wires  in  the  streets  above  ground  to 
interfere  with  the  work  of  the  firemen. 

Contrast  the  preceding  with  New  York,  with  its  numerous  wooden 
buildings,  wooden  or  asphalt  roofs,  buildings  from  four  to  ten  stories 
high,  with  long  unbraced  walls,  weakened  by  many  large  windows,  con- 
taining more  than  ten  times  the  lumber  the  average  London  house  does, 
and  that  very  inflammable,  owing  to  our  dry  and  hot  climate  ;  the  five 
and  six- story  tenement  houses,  with  two  or  three  families  on  each  floor, 
each  with  their  private  ash  barrel  or  box,  kept  handy  in  their  rooms, 
all  striving  to  keep  warm  during  our  severe  winters  ;  the  narrow  streets 
and  high  buildings,  with  nothing  to  obstruct  the  spreading  of  a  fire 
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except  a  few  small  parks  ;  the  perfect  freedom  with  which  the  city- 
authorities  allow  in  the  most  populous  portions  of  the  city  large  stables, 
lumber  yards,  carpenter  shops,  and  the  manufacture  and  storage  of  in- 
flammable materials  ;  the  absence  of  high  or  effectual  fire-walls  between 
buildings. 

The  advantages  of  London  thus  suggested,  except  the  climate, 
are  common  to  most  European  cities,  and  have  saved  them  from 
destruction  by  fire,  even  where  the  Fire  Department  has  been  of  little 
efficiency. 
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THE  PROPER  COMPENSATION  FOR  RAILROAD  CURVES. 


By  William  R.  Morley,  M.  Am.  Soc.  C.  E. 
Read  April  18th,  1883. 


W^'^II   DiSoUSSION. 


My  attention  was  first  called  to  the  subject  of  the  proper  compensa- 
tion for  curves  on  the  location  of  the  Veta  Pass  line — 3  feet  gauge — in 
1876,  where  it  was  necessary  to  use  a  maximum  grade  of  4  per  cent,  and  a 
maximum  curvature  of  30  degrees  of  angular  deflection  per  hundred  feet 
(radius,  193 ^  feet).  A  study  of  the  authority  on  the  subject,  which  at 
that  time,  if  I  recollect,  was  Vose's  Manual,  led  us  to  adhere  to  the  slid- 
ing scale,  making  the  compensation  proportional  to  the  radius  of  the 

Note  by  the  Secretary. — This  paper  presents  the  author's  opinions 
as  communicated  by  him  to  Mr.  A.  A.  Robinson,  M.  Am.  Soc.  C.  E.,  in 
a  letter  which  Mr.  Robinson  has  transmitted  to  the  Society.  Mr.  Morley 
was  preparing  to  present  his  views  directly  to  the  Society,  but  was 
accidentally  shot  on  January  3d,  1883,  while  on  a  reconnaissance  for  the 
Mexican  Central  Railway,  of  which  he  was  the  Chief  Engineer. 

There  is  appended  a  copy  of  instructions  to  engineers  on  the  location 
of  the  Sonora  Railway,  prepared  by  Mr.  Morley. 


182  MORLEY   ON   RAILROAD   CURVE    COMPENSATION. 

curve.  We  began  compensation  after  10  degree  (radius,  573  i^o  fe^t)  curves, 
or,  in  other  words,  nothing  under  11  degree  curves  were  compensated. 
For  11  degree  (radius,  521  i^o  feet)  curves  we  allowed  at  the  rate  of  0.05  per 
degree,  and  increased  this  allowance  until  at  30  (radius,  193  t^o  feet)  de- 
grees the  grades  were  level.  In  other  words,  we  used  up  the  4  per  cent, 
grade  in  20  degrees  of  curvature,  beginning  at  11  degrees.  After  the 
track  was  laid  it  became  the  plainest  possible  fact  that  the  compensation 
was  too  much,  and  the  higher  we  got  in  curvature  the  more  evident  it 
became.  The  diflference,  however,  between  an  uncompensated  10  degree 
and  a  compensated  11  or  12  degree  curve  was  so  small  that  I  was  led  to 
think  that  the  compensation  used  there  might  not  be  far  out  of  the  way. 
Acting  on  this  and  such  other  information  as  we  were  able  to  collect,  we 
adopted  the  0.05  standard  on  all  the  surveys  of  1877  and  1878  on  the 
Atchison  extension,  and  the  location  from  La  Junta  to  Raton  was  made 
on  this  basis.  On  the  road  constructed  on  this  section  we  had  grades  as 
follows,  if  I  am  not  mistaken  :  La  Junta  to  Trinidad,  maximum  1.2  feet 
to  the  hundred;  from  Trinidad  to  Morley,  2  feet  to  the  hundred;  Morley 
to  the  summit,  3.50  feet  to  the  hundred,  southbound;  from  Raton  to  the 
summit,  3.3  feet  to  the  hundred,  and  from  Trinidad  to  La  Junta,  0.6  feet 
to  the  hundred,  making  in  all  five  difierent  rates  of  maximum  or  ruling 
grade,  varying  from  about  30  feet  to  185  feet  per  mile,  all  located  at  the  rate 
of  .05  compensation  per  degree  of  curvature,  regardless  of  radius,  up  to 
our  maximum  of  10  degree  curves.  In  addition  to  this,  was  also  the 
switch  back  over  the  Raton  tunnel,  located  on  a  maximum  grade  of  6  feet 
to  the  hundred,  and  of  16  degree  (radius,  359  ]^o  feet)  curves,  with  the 
same  rate  of  compensation.  When  it  came  to  operation,  we  discovered 
the  following  facts:  That  on  the  0.6  per  cent,  maximum  grades  the  com- 
pensation was  about  right,  or,  if  anything,  a  trifle  too  small.  On  the 
1.1  per  cent,  grades  there  was  a  very  perceptible  "  picking  up  "  in  the 
movement  of  the  train,  when  the  engine  was  fully  loaded,  as  it  struck  a 
curve.  On  the  other  sections  this  picking  up  became  more  and  more 
perceptible  as  the  maximum  increased,  so  much  so  that  on  the  higher 
grades  it  was  possible  to  shut  off  some  steam  and  still  keep  up  the  motion 
as  the  train  rounded  the  curves.  The  higher  the  degree  of  curvature 
the  more  this  "picking  up"  was  noticeable,  which  seemed  to  me  con- 
vincing proof  that  the  compensation  for  the  higher  grades  was  too  much, 
while  for  the  low,  30  feet  per  hundred,  it  was  about  right.  Reasoning 
from  this  and  from  my  previous  experiences  in  the  Veta  Pass,  we  came 
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to  the  conclusion  that  the  adopted  theory,  that  the  resistance  to  the 
-curvature  was  in  some  proportion  to  the  radius,  was  wrong,  in  the  main, 
if  not  almost  wholly,  and  we  then  adopted  for  future  location  what 
might  be  termed  a  sliding  scale,  increasing  not  with  the  radius,  but  with 
the  decrease  in  ruling  grade. 

The  figures  which  we  then  adopted  for  convenience  in  location  were : 

Kate  of  maximum  grade,     .0  to  0.7  ft.  per  hundred;  compensation  0.06  per  100  ft.  per  degree. 
"     ••  '«  ««        0.7  to  1.4  "     '•  "  "  0.05    "      "     "     " 

*'     "  "  "       1.4  to  2.0  '•    "  *•  '«  0.04    •'      ••     "     "        '« 

And  since  that  time  we  have  located  and  constructed  from  1  200 
to  1  500  miles  of  road  on  various  maximum  grades  from  0.3  up  to 
3  per  cent.,  and  I  have  taken  a  great  deal  of  pains  whenever  oppor- 
tunity ofifered  to  ascertain  whether  or  not  this  compensation  was  about 
correct.  During  the  last  three  years  on  the  Sonora  road  I  have  tested  it 
as  carefully  as  possible  on  different  maximum  grades,  as  follows:  0.4 
per  hundred  feet,  0.5  per  hundred,  1.0  per  hundred,  1.2  per  hundred, 
2.0  per  hundred  and  2.4  per  hundred;  and  I  found  in  every  case  that  not 
only  did  the  train  movement  not  "pick  up  "  on  striking  the  curves,  but 
that  whenever,  as  was  seldom  the  case,  there  was  any  perceptible  drag 
of  the  train  in  rounding  the  curves,  an  examination  showed  that  some- 
thing was  wrong  with  the  track.  In  one  instance  notably,  on  a  2.4  per 
cent,  grade  on  a  10  degree  (radius,  573  i^o  ^eet)  curve,  the  locomotive 
engineers  frequently  stuck.  A  careful  instrumental  examination  showed 
two  facts:  First,  the  outside  rail  was  the  lowest;  and  second,  the  gauge 
had  not  been  widened  on  the  curve.  With  these  rectified,  no  further 
complaint  was  heard,  and  whenever  afterward  complaint  was  made  of  any 
curve,  it  was  found  to  be  the  fault  of  the  track,  and  not  of  the  com- 
pensation. 

From  these  facts  I  have  come  to  the  conclusion  that  the  resistance 
due  to  curvature  is  measured  not  by  the  length  of  radius,  but  by  the 
length  of  train,  or,  what  is  the  same,  by  the  ruling  grade.  I  think,  how- 
ever, that  there  is  another  element  which  has  much  to  do  with  this.  It 
is  my  belief  that  while  there  may  be  and  probably  is  some  increased  re- 
sistance due  to  radius,  this  is  largely  overcome  by  the  elevation  of  the 
outer  rail,  and  especially  by  the  widening  of  the  gauge,  and  that  really 
what  we  have  to  figure  on  in  compensation  is  almost  exclusively  length 
of  train  alone.     I  believe  that  my  rules  for  widening  of  gauge  and  eleva- 
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tion  of  outer  rail  are  about  the  same  as  yours.  Mine  are  half  an  inch  of 
elevation  per  degree  of  curve,  the  outer  rail  being  elevated  and  the  inner 
depressed  each  one-half.  In  widening  the  gauge  I  have  allowed  fo  of  an 
inch  per  degree  of  curvature.  It  is  probable  that  the  scale  we  have 
adopted  of  .06,  .05  and  .04,  each  over  a  considerable  range  of  maximum 
grade  is  not  absolutely  correct,  and  that  it  should  be  subdivided  into 
thousandths  for  small  fractions  of  grade,  as,  for  example,  perhaps,  jo  o  o" 
might  be  more  absolutely  correct  for  a  1  per  cent,  grade  than  .05,  But 
to  run  this  question  into  thousandths  would  make  it  rather  too  much  de- 
tailed for  practical  use.  I  am  satisfied,  however,  that  the  figures  stated 
are  sufficient  compensation  for  the  grades  in  the  range  allowed  to  each  ; 
that  is  to  say.  considering  the  average  train,  which  is  supposed  to  be 
loaded,  and  with  a  single  engine.  If  it  were  a  rule  to  run  double-headers, 
and  thereby  double  the  length  of  the  train,  our  compensation  is  not  suf- 
ficient. This  is  a  matter  I  have  also  tested  in  a  number  of  instances,  and 
it  would  not,  in  my  opinion,  be  justifiable  to  use  up  elevation  which  is 
required  to  be  gained,  by  compensating  for  double  length  trains,  except 
in  places  where  they  will  be  used  frequently. 

According  to  my  notion,  a  road  should  be  located  for  what  it  is  ex- 
pected to  do,  and  unless  it  is  proposed  to  run  double-headers  as  a  busi- 
ness, the  compensation  should  be  made  for  single-headers,  and  for  this 
our  figures  are  sufficient.  It  would  not  be  difficult  to  determine  ap- 
proximately what  would  be  required  where  double-headers  are  expected. 
In  the  two  or  three  instances  of  this  kind  that  I  have  had,  I  used  the 
same  compensation  for  the  heavy  grade  with  two  engines  that  I  would 
have  used  on  the  lighter  grade  where  one  engine  would  have  the  same 
number  of  cars,  and  this  seems  to  be  all  that  is  required.  For  example, 
the  section  of  the  Sonora  road  from  Imuris  to  Agua  Zarca,  1  per  cent. 
maximum  grade  is  located  on  the  .05  per  degree  standard.  From  Agua 
Zarca  over  the  hill  to  Nogalis,  which  is  double  that  maximum,  or  nearly 
so,  where  I  expected  another  engine  of  the  same  class  to  haul  the  train 
that  came  from  Imuris,  I  used  instead  of  .04  compensation  which  would 
be  the  rule  for  a  single  train  .05  for  the  double-header,  and  this  seemed 
to  be  all  right,  with  what  little  time  I  had  to  test  the  matter  before  I  left 
the  road. 

During  the  winter  of  1878-9,  after  we  had  our  experience  from  La 
Junta  to  Raton  above  mentioned,  we  figured  out  the  mathematical  reasons 
why  this  theory  is  correct.    This  paper  has  been  mislaid,  and  pressure  of 
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business  has  prevented  its  reproduction.  There  is  no  doubt  that  the 
proposition  is  correct  and  can  be  mathematically  proven,  and  while  I  am 
aware  that  it  is  not  easy  to  attempt  to  refute  the  numerous  authorities 
Avhich  are  springing  up  from  time  to  time  to  prove  that  the  resistance 
is  proportional  to  the  radius,  I  think  we  can  afford  to  take  the  chances, 
and  if  we  cannot  prove  it  mathematically  we  shall  have  to  invite  them  to 
ride  over  the  road  and  let  practice  prove  to  them  that  mathematics  is 
mistaken. 

There  is  one  more  point  that  I  may  be  able  to  add  a  little  later.  I 
find  that  the  Mexican  Central  Kailway  from  El  Paso  to  Chihuahua  has 
been  located  on  a  .7  maximum  grade  with  .04  compensation,  whereas  we 
would  have  allowed  by  our  rule  .06.  I  have  not  had  time  yet  to  satisfy 
myself  fully  what  the  effect  is,  but  the  two  or  three  locomotive  engineers 
that  I  have  questioned  say  that  there  is  an  appreciable  dragging  of  the 
train  where  the  curves  are  on  the  maximum  grade. 


P-ULES   FOR   Construction   Sonora   Railway,  issued  by  William   R. 
MoRLEY,  M.  Am.  Soc.  C.  E.,  Chief  Engineer. 

Rules  and  regulations  for  location  and  construction,  for  the  particular 
use  of  the  engineers: 

Estimates  for  Comparison  of  Lines. 
Location  or  change  will  be  made  on  following  basis: 

1.  On  operating  divisions  with  a  maximum  ruling  grade  of  0 .  70  per 
station : 

Value  of  saving  distance,  per  foot $3  00 

"  "      curvature,  per  degree 5  00 

*'    rise  and  fall,  per  foot 50  00 

2.  On  operating  divisions  of  maximum  ruling  grade  from  0 . 7  per 
station  to  1 . 4  per  station : 

Value  of  saving  1  foot  distance $4  00 

**  *'      1  degree  of  curvature 6  00 

"         "      1  foot  rise  or  fall 62  00 
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3.  On  operating  divisions  with  maximum  ruling  grade  from  1.4  per 
station  to  2 . 4  per  station : 

Value  1  foot  distance $5  00 

"     1  degree  of  curvature 7  00 

"     1  foot  rise  or  fall 75  00 

Note. — In  the  foregoing  values  of  distances  figures  refer  to  short  dis- 
tances, such  as  would  not  aflfect  the  number  of  stations,  tanks,  side 
tracks,  etc.,  on  the  road.  Long  distances,  say  10  miles  or  more,  should 
be  estimated  about  65  per  cent,  higher  per  foot.  It  should  be  borne  in 
mind  that  these  values  are  "operating  values  "  only,  and  do  not  include 
cost  of  construction,  so  that  any  difiference  in  estimate  of  cost  must  be 
taken  separate  account  of. 

Grades. 

1.  Each  operating  division  will  have  its  maximum  grade  established 
prior  to  location,  after  which  it  must  not  be  exceeded,  unless  in  special 
cases,  and  by  order  of  the  Chief  Engineer. 

2.  Compensation  of  Grades  for  Curves. — No  grade  will  be  admissible 
on  any  curve  that  is  not  reduced  below  the  maximum  on  its  operating 
divisions  by  at  least  the  rate  of  the  following  table; 

Rate  of  max.  grade,   .00  to    .70  per  100  feet,  .06  per  100  feet  per  degree.. 
"  "  .70  to  1.60    "         *'         .05    "         **  "■ 

"  **  1.60  to  3.00    "         **         .04    ♦*         *•  ** 

Curvature. 

1.  On  Main  Line  10°  per  100  Feet  will  be  Maximum  Admissible. — 
Each  operating  division  will  have  its  maximum  curvature  established 
prior  to  location. 

2.  Easing  Off  Sharp  Curvature. — On  all  curves  of  6°  per  100  feet 
and  upwards  the  curve  should  be  eased  off  by  putting  in  at  least  100- 
feet  of  lighter  curve  at  each  end.  As  a  rule,  do  not  let  the  taper  curves 
exceed  in  rate  one-half  of  the  central  curve,  although  in  extreme  cases 
it  may  rate  as  high  as  6°,  but  no  more.  The  longer  the  taper  curves  the^ 
better.  In  cases  of  very  long,  sharp  curves  of  8°  or  10°  a  double  com- 
pound at  each  end  of,  say,  3°  and  6°  for  100  feet  or  more  each,  is 
desirable. 
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Vertical  Curves. 

1.  When  grade  changes  occur  in  which  the  change  exceeds  .02  per 
100  feet,  the  following  rule  will  be  observed: 

2.  Rule  for  Vertical  Curves, — When  one  grade  rises  and  the  other 
falls,  drop  the  grade  at  the  point  of  change  by  a  quantity  equal  to  half 
the  sum  of  the  rates  per  station  for  each  grade.  One  hundred  feet  either 
side  of  the  point  of  change  drop  the  grade  a  distance  equal  to  one- 
quarter  of  the  distance  first  dropped. 

Example. 

Elevation  of  grade  at  a  summit  (Station  300,  for  instance)  is  100 .  00. 

Rate  on  one  side  -f- 1.00,  on  the  other  —  0 .  50.     Then  ^ ^^ —  =  0 .  75 

correction  for  the  middle  station,  100 .00  —  0 .  75  =  99 .  25,  corrected  eleva- 
tion at  Station  300. 

Elevation  at  Station  299  (rate  + 1 .  00)  =  99 .  00. 

301  (rate—   .50)  =99.50. 

0 .  75 

-^  =  0 .  19  correction  for  side  stations. 

99.00  —  0.19  =  98.81  corrected  elevation  at  Station  299. 
99.50  —  0.19  =  99.31        **  •*  **  301. 

3.  When  both  grades  are  plus,  the  correction  must  be  a  quantity 
equal  to  half  the  difference  of  the  two  rates.  The  elevation  to  be 
dropped  if  the  heavier  grade  precedes,  and  raised  if  the  lighter 
precedes. 

4.  When  both  grades  are  minus,  the  correction  must  be  a  quantity 
equal  to  half  the  difference  of  the  two  rates.  The  elevation  to  be  raised 
if  the  heavier  grade  precedes,  and  dropped  if  the  lighter  precedes. 

5.  When  the  difference  or  sum  at  a  change  of  grade  is  less  than  .02 
the  rounding  may  all  be  done  in  200  feet  by  raising  or  lowering  the  grade 
at  the  centre  or  changing  point  by  one-half  the  sum  or  difference,  as  the 
case  may  be. 

6.  Grade  elevations  will  be  written  in  the  cross-section  book,  with 
corrections  for  roundings,  and  estimates  be  based  on  these  corrections. 

7.  Track  engineers  will  be  furnished  with  profile  and  grades  of  the 
whole  line  and  grade  elevations  of  all  vertical  curves.  The  vertical 
tangents  may  be  run.  in  by  the  transit,  but  the  curves  should  be  set  by 
the  level. 
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Superior  Elevation  of  Outer  Rail  on  Cw^ves. 

1.  Outer  rail  on  curves  on  main  line  must  be  elevated  at  the  rate  of 
.04  per  degree  for  the  gauge  4'  8|".  In  staking  out  work  Division  En- 
gineers will  stake  out  the  roadbed  on  curves  at  this  rate  =  0.1  per  degree 
for  width  of  roadbed  of  12  feet,  of  which  outer  crown  of  roadbed  will  be 
elevated  one-half  above  and  the  inner  crown  one-half  below  the  true 
grade  of  centre  line.  Grade  stakes  for  finishing  the  work  will  be  set 
accordingly,  allowing  50  feet  per  degree  for  run  off  at  end  of  curve. 

2.  Track  engineers  will  set  track  grades  on  the  same  basis,  i.  e.,  outer 
grade  stake  must  set  one-half  the  super-elevation  above  true  centre 
grade,  and  the  inner  grade  stake  one-half  the  super-elevation  below 
centre  grade. 
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A.  A.  Robinson,  M.  Am.  Soc.  C.  E.— Mr.  Morley's letter  was  dictated 
to  a  stenographer,  and  evidently  with  some  haste,  so  that  the  conclusions 
from  observed  facts  are  not  all  clearly  stated,  and  the  letter  contains 
some  inaccuracies  which  he  would  have  been  quick  to  correct,  if  he  had 
carefully  revised  what  was  written. 

Mr.  Morley's  practice  upon  the  **  Veta  Pass  Line  "  (Denver  and  Rio 
Grande  Railway)  can  hardly  be  justified  by  theory,  and  I  am  sure  that 
observation  cannot  fail  to  show  a  marked  difference  between  the  motive 
power  required  to  pull  a  train  upon  a  curve  of  521  feet  radius,  when  the 
rate  of  ascent  has  been  properly  lessened  to  compensate  for  the  resistance 
due  to  curvature,  and  that  required  upon  a  curve  of  573  feet  radius,  when 
no  compensation  for  curvature  is  made. 

In  March,  1878,  the  location  of  the  New  Mexico  Extension  of  the 
Atchison,  Topeka  and  Santa  Fe  Railroad,  from  La  Junta,  Colorado, 
southward  toward  Trinidad  and  Santa  Fe,  was  commenced  under  my 
direction,  the  surveys  being  pushed  simultaneously  from  La  Junta  south- 
ward, from  the  summit  of  the  Raton  Mountains  northward  toward 
Trinidad  and  La  Junta,  and  from  the  summit  southward  towards  Santa 
Fe. 

Preliminary  surveys  developed  the  fact  that  the  different  rates  of 
maximum  or  ruling  gradients  mentioned  by  Mr.  Morley,  were  either 
made  necessary  by  the  topography,  or  could  be  economically  used  in  the 
proposed  system  of  train  service  for  the  operation  of  the  road. 
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Before  making  a  final  location  of  any  part  of  this  line,  it  was  neces- 
sary to  decide  in  what  ratio  gradients  should  be  lessened  on  curves  so 
that  the  force  of  gravity  upon  the  lessened  gradient,  considered  as  a 
resistance  to  the  movement  of  an  ascending  train,  added  to  the  resistance 
due  to  curvature,  should  not  exceed  the  gravity  resistance  of  the  maxi- 
mum gradient  on  a  straight  line,  and  upon  the  authority  of  the  experi- 
ments of  Colburn  and  Latrobe,  as  related  by  Mr.  Vose  in  his  Manual  for 
Railroad  Engineers,  I  decided  to  consider  each  degree  of  curvature  as  the 
equivalent,  in  point  of  resistance  to  the  movement  of  trains,  of  0.05  of  a 
foot  of  ascent. 

During  the  progress  of  the  construction  of  this  part  of  the  road,  and 
after  its  comj^letion,  it  was  matter  for  special  interest  to  myself  and  Mr. 
Morley  to  observe  the  effect  of  this  compensation. 

We  found,  as  stated  by  Mr.  Morley,  that: 

1st.  Upon  maximum  gradient  of  0.6  per  cent.,  where  a  full  train  con- 
sisted of  30  to  32  loaded  cars,  the  compensation  was  hardly  sufficient. 

2d.  Upon  maximum  gradient  of  1.13  per  cent.,  with  full  trains  of  18 
to  20  cars,  it  was  fully  sufficient;  while 

3d.  Upon  maximum  gradient  of  3.4  per  cent.,  with  full  trains  of  7  to 
8  cars,  it  was  evidently  greater  than  was  needed. 

Subsequent  discussion  of  the  subject  between  my  assistants  and  my- 
self developed  the  following  ideas  and  suggestions,  which  I  give  as  prob- 
ably being  what  Mr.  Morley  incorrectly  refers  to  as  a  mathematical 
solution. 

The  resistance  to  the  movement  of  trains  which  is  caused  by  the 
curvature  of  railroad  tracks  is  a  force  which  is  affected  by  many  varying 
circumstances  and  conditions,  and  it  cannot  be  satisfactorily  determined 
by  mathematical  formula,  except  for  the  one  particular  set  of  circum- 
stances and  conditions  which  may  be  assumed. 

For  example,  suppose  a  curved  track  is  laid  level,  that  is,  with  the  top 
of  the  rails  as  nearly  as  may  be  in  a  horizontal  plane;  upon  this  track  a 
locomotive  without  leading  trucks  or  tender  moves  slowly,  say  at  the 
rate  of  1  or  2  miles  per  hour.  In  this  case  there  is  a  curve  resist- 
ance pure  and  simple  due  to  the  friction  of  the  wheel  flanges  against  the 
rails  of  the  curved  track  and  of  the  *'  tread  "  of  the  wheels  upon  the 
top  of  rails  caused  by  the  constant  change  in  the  direction  of  motion. 
This  resistance  is  directly  proportional  to  the  degree  or  rate  of  curva- 
ture, or  inversely  proportional  to  the  radius. 
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But  suppose  that  instead  of  moving  slowly  the  locomotive  runs  at 
the  rate  of  35  miles  per  hour.  The  centrifugal  force  of  the  moving  train 
■will  then  be  a  considerable  factor  in  the  problem- 
It  must  be  resisted  by  the  pressure  of  the  wheel  flanges  against  the 
rails,  and  the  resistance  to  the  forward  movement  of  the  engine  will 
thus  be  increased . 

In  practice,  it  is  the  custom  to  counteract  the  centrifugal  force  of 
moving  trains  by  raising  the  outer  rail  of  curves  above  the  inner  rail,  so 
that  the  top  of  the  rails  lie  in  the  surface  of  an  inverted  cone.  This 
super-elevation  of  the  outer  rail  for  any  speed  of  train  should  be  such 
that  the  components  of  the  force  of  gravity  and  the  centrifugal  force 
acting  in  lines  parallel  with  the  inclined  surface  of  the  track,  shall  be 
equivalent  and  counteracting,  and  it  is  customary  to  calculate  the  super- 
elevation of  the  outer  rail  for  a  speed  of  30  or  35  miles  per  hour.  If, 
then,  the  supposed  locomotive,  instead  of  running  at  the  rate  of  35  miles 
per  hour,  should  run  but  15  miles,  while  the  super- elevation  of  the  outer 
rail  was  suited  to  the  greater  speed,  we  should  find  the  resistance 
problem  still  further  complicated. 

Another  element  of  the  curve  resistance  is  the  greater  length  of  the 
outer  rail,  which  requires  that  one  or  the  other  of  the  wheels  fixed  upon 
an  axle  should  slide  over  a  distance  equal  to  this  greater  length. 

It  is  customary  to  attempt  to  obviate  this  difficulty  by  "  coning  "  the 
car  wheels,  but  this  device,  so  beautiful  in  theory,  is  of  questionable 
utility  in  practice. 

The  gauge  of  track,  as  compared  with  that  of  the  wheels  of  the  loco- 
motive, will  also  affect  the  curve  resistance. 

Considering  only  the  supposed  locomotive,  the  resistances  due  to  cur- 
vature as  mentioned  above  will  be  more  or  less  directly  functions  of  the 
degree  or  rate  of  ctlrvature;  but  suppose  that  behind  the  locomotive  we 
attach  a  car.  A  diagram,  page  193,  will  show  the  reciprocal  action  of  the 
tractive  force  of  the  locomotive  and  the  corresponding  resistance  of  the 
car  as  affected  by  the  curvature  of  the  track. 

The  engine  in  pulling  the  car  will  act  through  the  coupling  at  the 
middle  of  the  rear  end  of  its  rigid  frame,  and  the  force  exerted  at  this 
point  will  be  transmitted  through  the  frame  of  the  car  to  the  kingbolts 
and  centre  bearings  of  the  car  trucks. 

The  line  ET  horn  the  rear  coupling  of  the  locomotive  to  the  centre 
bearing  of  the  nearest  truck  is  in  the  direction  of,  and  may  be  assumed 
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to  represent  the  tractive  force,  of  which  the  componeut  Eb  acts  in  th& 
direction  of  the  motion  of  the  truck,  and  Tb  at  right  angles  to  that  direc- 
tion, tending  to  pull  the  truck  against  the  inner  rail  of  the  curved  track. 

In  the  same  way  ET  may  represent  the  resistance  to  traction  and 
be  resolved  into  Ta  in  the  direction  of  the  motion  of  the  engine,  and 
Ea  at  right  angles  to  the  same,  the  latter  component  acting  to  draw  the 
i<ear  drivers  of  the  engine  against  the  inner  rail. 

In  a  similar  manner,  the  tractive  force  acting  from  T  through  the 
frame  of  the  car  to  T\  and  the  corresponding  resistance  acting  at  T\  will 
have  components  which  tend  to  draw  the  trucks  toward  the  centre  of 
the  curve,  and  so  on  throughout  the  length  of  the  train. 

The  resultant  of  all  these  forces  will  produce  a  total  train  resistance 
which  will  be  a  function  not  only  of  the  rate  of  curvature  and  of  the 
gross  tonnage  of  the  load  behind  the  locomotive,  but  also  of  the  number 
of  cars  in  the  train. 

It  needs  no  argument  to  prove  that  the  tenth  car  in  a  train  will  pro- 
duce a  greater  resistance  to  traction  than  the  first  car.  This  follows 
from  the  fact  that  the  line  from  E  to  the  centre  bearing  of  the  first  truck 
of  the  tenth  car  makes  a  greater  angle  with  the  directions  of  the  motion 
of  the  engine  and  of  the  truck,  so  that  while  the  component  of  the 
tractive  force  which  acts  in  the  direction  of  the  motion  of  the  truck 
must  be  the  same  for  the  tenth  car  as  for  the  first,  the  component  which 
tends  to  pull  the  truck  toward  the  centre  of  the  curve  will  be  greater 
for  the  tenth  car,  and  hence  the  force  itself  must  be  greater. 

It  is  equally  clear  that  a  train  of  ten  cars  will  produce  a  resistance 
greater  than  ten  times  that  of  a  single  car,  and  that  the  resistance  of  a 
train  of  thirty  cars  will  be  greater  than  three  times  that  of  a  train  of  ten 
cars. 

It  follows  that  upon  a  railroad,  or  any  division  of  a  railroad,  where 
locomotives  can  pnll  thirty  cars,  the  ratio  of  compensation  for  the  resist- 
ance due  to  curvature  should  be  greater  than  upon  a  road  or  division 
where  engines  can  pull  but  ten  cars,  and  as  the  principal  element  in  the 
determination  of  the  weight  of  trains  which  engines  can  pull  is  the  rul- 
ing gradient  of  the  road  or  division,  it  follows  that  the  ratio  of  compen- 
sation for  the  resistances  due  to  curvature  should  vary  inversely  with  the 
ruling  gradient  , 

It  will  be  observed  from  the  foregoing  that  this  problem  is  affected 
by  circumstances  to  which  no  fixed  rules  will  apply . 
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We  therefore  have  to  adopt  rules  that  will  cover  the  common  practice 
of  engineers  upon  American  railroads .  Such  rules  must  necessarily  be 
empirical,  therefore  but  little  can  be  said  except  to  announce  that  after  an 
experience  ranging  over  fourteen  years  in  railroad  construction  and  op- 
eration upon  maximum  grades  varying  from  20  feet  per  mile  to  those  of 
316 H)  feet  per  mile,  and  with  all  classes  of  locomotives — "Standard 
American,"  "Mogul,"  "Consolidation,"  and  "Ten-Wheelers" — we  have 
in  our  practice  settled  upon  the  following  rules  for  the  compensation  for 
curvature  : 

Rate  of  maximam  grade,  0.0  to  0.6  per  hundred;    compensation  0.06  per  100  ft.  per  degree. 
"      0.6  "  1.6       "  "  0.05 

"      1.6  "  3.0       "  "  0.04 

It  is  evident  that  the  friction  on  curves  increases  with  the  number  of 
cars,  or  more  properly  with  the  number  of  wheels;  it  should  therefore  be 
remembered  that  for  engines  of  great  power,  greater  allowance  for  curva- 
ture should  be  made . 

In  order  that  a  road  may  be  economically  laid  out,  the  class  of  engines 
to  be  used  should  be  decided  beforehand,  but  as  the  tendency  is  to 
heavy  engines,  it  is  the  duty  of  engineers  to  adopt  safe  limits  for  curve 
compensation . 

We  find  that  the  heavier  engines  "Mogul"  and  " Consolidation  "  are 
assigned  to  the  mountain  grades,  while  the  lighter  machines  of  the 
American  standard  pattern,  with  four  drivers,  go  on  the  light  grades,  and 
the  rate  of  compensation  given  covers  such  a  disposition  of  power. 


Lewis  Kingman,  C  .  E.  (by  letter) .  ^ — In  regard  to  compensation  on 
curves — on  the  Atlantic  and  Pacific  Railroad,  first  under  Mr.  A.  A. 
Robinson  and  then  under  Mr.  H.  R .  Holbrook,  our  instructions  were 
to  compensate  .05  per  degree  on  all  curves  alike.  On  that  road  from 
Winslow  Section  No.  274  to  the  Colorado  River  Section  No.  574, 
I  had  all  the  curves  eased  ofi.  Ten  degree  curves  were  used  as  a 
maximum.  In  running  a  ten  degree  curve  I  first  made  one  station 
I     ' ' 

*  This  discussion  is  from  a  letter  from  Mr.  Lewis  Kingman,  Chief  Engineer  of  the  Chi- 
huahua Division  of  the  Mexican  Central  Railroad. 
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(100  feet)  of  3  degrees  20  minutes;  then  100  feet  of  6  degrees  40 
minutes,  then  compounded  to  10  degrees.  The  same  rule  was  adopted 
in  leaving  the  curve  at  the  other  end.  For  an  8  degree  curve 
there  was,  first,  one  station  of  2  degrees  40  minutes;  then  one  of  5  de- 
grees 20  minutes .  For  a  6  degree  curve,  I  commenced  with  100  feet  of 
3  degree  curve  and  then  compounded  to  6  degrees,  easing  the  curve  off 
in  the  same  way .  I  persisted  in  this  and  had  it  carried  out,  and  found 
but  very  few  places  where  it  could  not  be  done.  I  think  the  increased 
cost  of  such  a  location  hardly  worth  mentioning.  There  are  places 
where,  of  course,  a  little  more  work  is  involved,  but  if  the  line  is  carefully 
adjusted  the  addition  will  be  slight.  There  are  other  ways  of  running 
in  and  lightening  curves,  but  in  practice  in  a  mountain  region  I  think 
this  is,  perhaps,  as  good  and  easy  a  method  as  any  other . 

I  have  watched  the  trains  on  curves  and  tangents  closely,  and  will  give 
one  particular  instance:  During  December  last  I  went  with  a  boarding 
train  from  the  spur  at  Aubrey  Station  to  move  to  Tampai  Station .  There 
were  42  cars,  mostly  box  cars  (I  think  all  but  one  tool  car  were  box  cars). 
We  had  two  engines,  each  of  35  tons;  they  were  both  at  the  rear  end  of 
the  train.  On  tangent  they  were  able  to  make  about  6  miles  per  hour. 
On  tangent  and  75  feet  per  mile  grade  they  passed  over  4  degree  and  5 
degree  curves  without  any  perceptible  change  in  speed.  But  when  there 
came  an  8  degree  curve  (eased  by  100  feet  of  2  degrees  40  minutes,  and 
100  feet  of  5  degrees  20  minutes  into  the  8  degree),  all  to  the  left,  the 
train  slowed  up,  and  as  it  passed  upon  a  short  tangent  of  about  200  feet 
and  then  upon  a  curve  of  2  degrees  40  minutes  and  5  degrees  20  minutes, 
to  an  8  degree  curve,  all  to  the  right,  the  front  of  the  train  passed 
nearly  over,  but  all  came  to  a  stand,  and  the  engineers  backed  and 
pushed  for  an  hour  or  more  and  could  not  go  10  feet  further  until  a 
third  engine  came  up.  This  satisfied  me,  as  the  track  had  been  sur- 
faced up  and  was  in  good  shape.  I  think,  that  had  one  engine  been 
pulling  and  the  other  pushing,  they  might  have  done  better .  This  train 
was  1  500  feet  long,  and  it  was  nearly  all  on  the  S  before  it  stopped. 

In  my  opinion,  there  is  no  question  but  that  the  compensation  should 
Tary  with  the  maximum  grade  or  length  of  trains  run.  The  size  or 
weight  of  the  locomotives  used,  of  course,  determines  the  length  of  the 
train  as  well  as  the  grade.  Observations  I  have  made  lead  me  to  believe 
that,  taking  the  ordinary  locomotives  used,  the  adjustment  of  the  com- 
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pensation  for  a  52.8  feet  per  mile  maximum  grade  should  be  about  as 
follows: 
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For  a  75  feet  per  mile  maximum  grade,  I  think  that  the  compen- 
sation should  be  as  follows: 
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For  a  100  feet  per  mile  maximum,  I  think  that  1  degree  curves 
should  be  compensated  .03  and  10  degree  curves  about  .06. 

I  think  a  very  long  10  degree  curve  should  be  compensated  more 
than  a  short  one. 

I  believe  if  this  was  done  and  an  observer  should  take  a  passenger 
train  of  two  coaches  and  baggage  car,  he  would  notice  that  the  train 
picked  up  or  increased  its  speed  on  the  heavy  curves.  On  the  other 
hand,  let  an  engine  with  a  long  train  of  empty  cars  start  up,  and  I  think 
the  train  would  move  evenly.  Our  roads  should  be  compensated  for 
long  freight  trains  and  for  the  freight  traflSc,  and  not  for  the  passenger 
trains,  which  carry  a  large  reserve  of  power. 

I  am  aware  that  we  lack  careful  tests,  which  might  be  made  in  such  a 
•way,  I  think,  as  to  clear  up  this  whole  question.  With  the  large  amount 
of  capital  invested  in  railroads  in  the  United  States,  it  is  too  bad  that 
these  tests  cannot  be  made  under  all  varying  circumstances. 


A.  M.  Wellington,  M.  Am.  Soc.  C.  E. — Mr.  Morley's  rules  for  loca- 
tion, although  prepared  for  another  portion  of  the  same  system  of  lines 
as  that  on  which  I  have  had  charge  of  location,  have  never  heretofore  been 
seen  by  me  and  were  independently  prepared.  The  subjoined  extracts 
from  the  instructions  which  I  prepared  for  use  in  the  southerly  and 
central  sections  of  the  Mexican  Central  Bail  way  lines  will  show  that  they 
are,  nevertheless,  in  tolerably  close  agreement. 

With  regard  to  the  important  question  of  reducing  grade  on  curves, 
the  rule  adopted  by  both  Mr.  Morley  and  myself  was  the  same  on  the 
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higher  grades— viz.,  .04  per  degree  of  curvature— but  this  Mr.  Morley 
increased  to  .06  per  degree  of  curvature  on  the  lower  grades.  This  may 
have  been  with  the  idea  that  the  curve  resistance  per  ton  would  be 
higher  with  the  longer  trains  appropriate  to  lower  grades,  a  view  which 
I  advocated  myself  in  a  treatise  on  the  theory  of  location  published  some 
years  since.  I  was  supported  in  this  view  by  one  of  the  most  eminent 
members  of  this  Society,  as  well  as  by  various  published  formuhie,  etc. 
Further  investigation,  however,  both  experimental  and  theoretical,  has 
satisfied  me  that  no  sensible  difference  due  to  this  cause  exists. 

On  the  other  hand,  Mr.  Morley's  idea  may  have  been  that  a  larger 
compensation  should  be  allowed  on  lower  grades  because  it  could  more 
easily  be  obtained,  in  which  case  he  was  evidently  right.  The  truth 
is  that  no  absolutely  fixed  rate  of  compensation  to  be  invariably  applied 
in  all  cases  can  or  ought  to  be  fixed.  When  there  is  no  great  difficulty 
in  using  any  compensation  we  please  without  increasing  the  tangent 
grade— as  on  most  mountain  grades  not  exceeding  1  000  feet  vertical  rise 
and  proportionally  for  lower  rates  of  grade— it  is  plainly  proper  to 
adopt  a  liberal  rate  of  compensation.  When,  as  frequently  happens  in 
difficult  country,  every  decrease  in  rate  of  grade  on  curves  means  a 
corresponding  increase  on  tangents,  it  is  then  plainly  inexpedient  to 
adopt  a  higher  rate  of  compensation  than  is  certainly  necessary  to 
prevent  excess  of  resistance  on  curves.  In  this  connection,  I  may  add 
that  I  am  satisfied  the  rate  of  compensation  I  have  been  quoted  as 
advocating — and  in  part  with  justice — of  0.1  per  degree  of  curvature,  is 
higher  than  is  ever  necessary,  unless  in  certain  cases  at  stations,  or  when 
it  becomes  a  question  whether  to  admit  certain  sharp  curves  at  all. 
From  such  information  as  I  have  been  able  to  gather,  it  seems  to  me 
extremely  probable  that  curve  resistance  is  materially  greater  at  very 
slow  speeds;  and  experience  on  the  New  York  Elevated  Railroads,  and 
on  many  other  lines  with  very  sharp  curves,  as  well  as  modern  determi- 
nations of  the  laws  of  friction,  make  it  extremely  doubtful  whether  the 
curve  resistance  increases  even  so  fast  as  the  degree  of  curvature.  It  is 
unfortunate  that  further  and  more  complete  experiments  than  now  exist 
cannot  be  made.  So  far  as  I  can  ascertain,  there  is  little,  if  any,  trust- 
worthy experimental  evidence  tending  to  prove  that  the  resistance  on  a 
20°  curve  is  twenty  times  as  much  as  on  a  1'^  curve,  while  there  is  much 
of  a  very  positive  character  to  indicate  the  contrary.  Among  the  latter 
may  perhaps  be  included  the  observations  of  Mr.  Morley  and  Mr.  Rob- 
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inson,  as  clironicled  in  the  beginning  of  Mr.  Kobinson's  discussion 
above,  in  respect  to  a  less  reduction  of  grade  for  curvature  being  re- 
quired on  high  grades  than  on  low  ones.  Those  gentlemen  evidently 
took  great  pains  in  observing  the  facts,  but  it  is  important  to  remem- 
ber that  more  than  one  explanation  of  them  may  be  possible;  granting 
the  entire  correctness  of  the  observations  themselves,  which  it  must 
have  been  a  sufficiently  delicate  matter  to  make  correctly  without  the  as- 
sistance of  exact  velocity  records.  It  is  a  fact  that  on  the  lines  on  which 
these  observations  were  made,  the  curvature  on  the  low  grades  is  in  gen- 
eral very  easy  and  the  curvature  on  the  high  grades  tolerably  sharp.  Jf^ 
therefore,  the  resistance  is,  as  suggested,  less  per  degree  on  the  sharper 
curves,  the  whole  phenomena  are  accounted  for  without  the  necessity  of 
assuming  that  the  curve-resistance  per  ton  increases  with  the  length  of 
the  train. 

Extracts  from  Instructions  for  the  Guidance  of  Surveys  and 
Location  for  the  Mexican  Central  Railway  Company. — A.  M. 
Wellington. 

In  order  to  secure  uniformity  and  intelligibility  in  maps  and  records, 
and  to  facilitate  the  work  of  securing  correct  location,  the  following 
general  instructions  are  issued  for  the  guidance  of  location  and  work 
connected  therewith. 

The  alignment  turned  in  is  expected  to  conform  to  the  following 
conditions : 

Distance. — For  minor  variations  amounting  at  most  to  no  more  than 
3  or  4  kilometers  in  a  division,  not  more  than  $20  nor  less  than  %1  per 
meter  will  be  expended  to  save  distance,  depending  on  the  probable 
traffic;  the  cost  of  track,  estimated  at  $6  per  meter,  being  included. 
Larger  variations  materially  afifecting  the  operation  of  the  work  are  not 
intended  to  be  included  under  the  above. 

Rise  and  Fall. — No  considerable  expenditure  will  be  incurred  to 
avoid  gentle  undulation  of  grade  of  any  length  on  rates  not  exceeding 
0.5  per  cent,  and  not  changing  abruptly  from  ascent  to  descent. 

Grades  differing  more  than  0.4  per  cent  in  rate  must  not  be  brought 
to  a  sharp  intersection,  but  connected  by  easy  vertical  curves,  at  least 
one  station  long  for  each  0.2  of  difference  in  rate  of  grade. 

Undulations  of  grade  on  any  rates  whatever,  if  the  transition  from  one 
grade  to  another  be  eased  off  as  above  directed,  will  not  be  regarded  as 
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an  evil  justifying  considerable  expenditure  to  avoid,  if  they  do  not  exceed 
4  meters  in  vertical  depth. 

Deeper  undulations  than  this,  on  such  grades,  should  be  valued  at 
not  less  than  S300  nor  more  than  $1  500  per  vertical  meter,  in  excess  of 
4  meters  depending  both  on  the  probable  traffic  and  on  the  rates  of 
grade. 

From  30°  to  40°  of  curvature  per  vertical  meter  in  excess  of  4  meters 
is  to  be  preferred  to  such  sags  in  the  grade. 

CuKVATURE. — The  justifiable  expenditure  to  take  out  a  curve 
altogether  will  be  determined  by  adding  10^  to  the  actual  number  of 
degrees  contained  in  it.  Expenditure  to  secure  long  tangents  will  not 
be  incurred  in  excess  of  that  warranted  by  the  preceding  instructions, 
unless  the  modification  is  such  that  it  will  also  sensibly  increase  the  safe 
speed  of  trains  and  the  distance  at  which  obstructions  are  visible. 

Curves  of  5°  or  more  must  in  all  cases  be  connected  with  their 
tangents  by  transition  curves,  according  to  the  special  instructions 
given  herein,  wherever  construction  has  not  actually  been  begun. 

Reversed  curves  will  not  be  used  in  any  case-  The  tangent  must 
always  be  made  at  least  50  meters  long  by  decreasing  the  radius,  if  not 
otherwise  possible,  in  order  to  give  room  for  the  transition  curves  to 
meet  at  a  common  point. 

(On  certain  sections  of  very  difficult  work  a  few  tangents  only  20 
meters  long  have  been  admitted.) 

To  the  latter,  although  it  is  technically  a  reversion,  there  is  no 
objection. 

Radius  of  Curvature. — The  admissible  expenditure  to  reduce  the 
radius  of  curvature  is  given  in  the  following  tables,  and  will  not  be 
exceeded.  The  sharpest  curves  will  only  be  admissible  in  connection 
with  the  heavier  grades,  where  they  can  be  properly  reduced,  so  as  to 
avoid  limiting  the  length  of  train.  The  maximum  limit  of  curvature,  as 
fixed  by  this  consideration,  will  be  taken  to  be  as  follows  : 

On  a  maximum  grade:  0.5,    0.6,    0.7,    0.8,     0.9,      1.0,      1.2,      l.i,      1.6,       per  cent. 

Maximum  curve  on  a  level:    6°       7°       8°       9°       10°       11°       12°       13°       U° 
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Maximum  Admissible  Expendituee  to  Increase  Radius  op  Curvature 

ON   ANY   PART   OF   THE   MaiN   LiNE. 


Curves 

TO  BE  SUBSTI- 
rUTED. 

Curve  to  be  Avoided  and  Admissible  Expenditure. 

Degree. 

M.  Radius. 

716.23 
477.52 
358.17 
286.56 
238.84 
204.75 
179.19 
159.31 
143.42 
130.40 

3° 

40 

$600 
300 

5° 

6° 

70 

8° 

9° 

10° 

11° 

12° 

2° 
3° 

40 

$300 

$900 
600 
300 

$1400 

1100 

800 

500 

$2  100 

1800 

1500 

1200 

900 

$3  000 
2  700 
2  400 
2  100 
1600 
900 

$4  100 
3  800 
3  500 
3  200 
2  700 
2  000 
1100 

$5  400 
5  100 
4  800 
4  500 
4  000 
3  300 
2  400 
1300 

$6  900 
6  600 
6  300 
6  000 
5  500 
4  800 
3  900 
2  800 
1500 

$8  600 
8  300 
8  000 

5° 

7  70O 

6° 

7  200 

70 

6  50O 

8° 

5  600 

9° 

4  50O 

10° 

3  200 

11° 

1  70O 

Minimum  Expenditure  to  Increase  Radius  of  Curvature  on  Branches 

OF  Lighter  Traffic. 


Curves  to  be  Sub- 
stituted. 

Curve  to  be  Avoided  and  Admissible  Expenditure. 

Degree. 

m. 

Radius. 

40 

5° 

6° 

70 

8° 

9° 

10° 

11° 

12° 

13° 

14° 

3° 

40 

5° 

477.52 
358.17 
286.56 
238.84 
204.75 
179.19 
159.31 
143.42 
130.41 
119.58 
110.42 

$150 

$200 
100 

$300 
200 
100 

$400 
300 
200 
100 

$500 
400 
300 
200 
100 

$700 
600 
500 
400 
300 
200 

$1000 
900 
800 
700 
600 
500 
300 

$1400 

1300 

1200 

1100 

1000 

900 

700 

400 

$1900 
1800 
1700 
1600 
1500 
1400 
1200 
900 
500 

$2  500 
2  400 
2  300 
2  200 
2100 
2  000 
1800 
1500 
1100 
600 

$3  200 
3  100 
3  000 

6° 

2  900 

70 

2  80O 

8° 

2  700 

9° 

2  600 

10° 

2  200 

11° 

1800 

12° 

1  300 

13° 

70O 

, 
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Larger  expenditures  than  are  justified  by  the  preceding  tables  will 
in  no  case  be  incurred  at  the  present  time,  but,  on  the  other  hand,  wher- 
ever particularly  sharp  curvature  is  unavoidable,  under  the  preceding 
rules,  the  line  will,  so  far  as  possible,  be  located  with  reference  to  im- 
provements hereafter,  when  traffic  justifies  the  expense. 

Compensation  for  Cuevature. — All  curves  on  maximum  grades  will 
have  the  grade  reduced  on  them  by  .  06  per  degree  of  curvature,  with 
20  meter  chain  (=  .04  per  degree  of  curvature,  with  100  feet  chain). 

It  is  unnecessary  to  place  the  break  of  grade  precisely  at  the  P.  C.  or 
P.  T.  Take  the  nearest  even  station  always.  Connect  all  breaks  in  rate 
of  grade  exceeding  0.4  per  cent,  by  an  intermediate  grade,  as  heretofore 
directed.  On  all  curves  at  or  very  near  to  regular  stations  and  stopping- 
points,  the  reduction  of  curvature  should  be  double  the  above. 

Gradients. — The  fact  that  certain  heavy  grades  may  be  required  at 
one  or  more  points  on  a  division  will  not  be  regarded  as  justifying  the 
use  of  heavy  grades  throughout,  provided  that  such  grades  do  not  ex- 
ceed, in  all,  one-fourth  or  one-fifth  of  the  length  of  an  operating  division, 
and  are  so  situated  that  they  can  advantageously  be  operated  by  assistant 
power,  or,  if  the  traffic  be  very  light,  by  cutting  trains  in  two .  In  such 
cases  the  grades  should  be  adjusted  to  each  other,  so  far  as  possible, 
according  to  the  table  for  assistant  power  grades. 

A  nearly  level  plane  for  a  siding  should  in  such  cases  be  located  at 
top  and  bottom  of  such  assistant  power  grades,  even  if  the  sidings  are 
not  at  once  constructed.  The  maximum  grade  at  all  stations  and  stop- 
ping places  should  be  reduced  at  least  0 .  25  per  cent,  for  at  least  500 
meters  (or  1.25  meters  drop  in  all,  from  regular  grade),  to  compensate 
for  the  resistance  of  starting. 

Particular  attention  will  be  paid  to  this  at  water  stations,  on  long 
maximum  grades. 

Momentum  Grades. — On  short  sections  of  maximum  grade  not  ex- 
ceeding two  kilometers  in  length,  a  maximum  deviation  in  the  grade  line 
of  three  meters  below  and  four  meters  above  the  straight  grade  line 
between  the  two  ends  of  the  plane  will  be  permitted,  in  order  to  reduce 
work,  and  especially  to  avoid  rock  cutting  or  heavy  fills,  relying  on  the 
momentum  of  the  train  to  equalize  the  resistance  of  the  various  grades. 
Especial  care,  however,  must  be  taken  to  have  easy  transitions  from  one 
grade  to  another,  in  order  that  the  change  of  velocity  may  be  gradual. 
In  such  case,  the  rate  of  the  intermediate  grade  is  unimportant,  since 
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the  total  work  to  be  performed  by  the  engine  on  the  entire  plane  remains 
the  same.  Such  momentum  grades,  however,  must  in  no  case  be  intro- 
duced, unless  an  initial  velocity  of  20  or  25  miles  an  hour  at  the  foot  of 
the  plane  can  be  relied  on.  In  that  case,  the  effect  of  a  3  meter  sag  is  to 
increase  the  velocity  2  to  3  miles  per  hour,  and  of  a  4  meter  summit  to 
decrease  it  5  or  6  miles  per  hour. 

The  train  will  in  any  case  leave  the  plane  at  the  same  velocity  as  if 
the  grade  were  straight,  only  in  the  latter  case  the  speed  would  be 
uniform  throughout. 

Wm.  H.  Searles,  M.  Am.  Soc.  C.  E. — It  has  been  pretty  well  ascer- 
tained by  experiment,  as  well  as  proved  by  theoretical  considerations, 
that  for  one  car  moving  on  a  curve,  the  resistance  of  the  cu^ve  varies 
inversely  as  the  radius.  Not  so,  however,  when  we  consider  a  train  of 
cars ;  for,  in  addition  to  the  sum  of  the  resistances  of  the  cars  taken 
singly,  we  experience  a  resistance  due  to  the  angle  existing  between 
the  cars  on  a  curve.  The  tractive  force,  therefore,  at  the  head  of  a  train 
on  a  curve,  must  increase  more  rapidly  than  the  number  of  cars  added 
to  the  train,  in  order  to  maintain  uniform  motion. 

I  propose  to  discuss  the  nature  and  amount  of  this  increment  to  the 
resistance  on  curves.  Suppose  a  train  of  cars  equal  in  size  and  weight, 
and  all  equally  loaded,  moving  on  a  curve  at  a  uniform  velocity.  The 
last  car  develops  a  certain  resistance,  due  to  friction,  to  grade,  and  to 
curvature,  which  resistance  we  may  denote  by  pi,  expressed  in  pounds 
per  gross  ton  of  the  car  and  load. 

The  next  car  ahead  develops  the  same  amount  of  resistance  on  its 

own  account,  but  the  force  applied  to  it  in  its  own  direction  must  be 

equal  to  this  resistance,  plus  the  resistance  of  the  rear  car  multiplied  by 

the  secant  of  the  angle  between  their  directions.     If  we  call  this  force 

(expressed  in  pounds  per  ton)  p2,  and  the  angle  between  the  cars  Of, 

then 

P2_=Pi  -}-p\  sec.  (X. 

Similarly,  in  a  train  of  three  cars,  the  force  pa  in  pounds  per  ton 

necessary  to  apply  to  the  forward  car  in  its  own  direction  is  equal  to  the 

resistance  of  that   car,  plus  the  force  p2  multiplied  by  the  secant   of 

the  angle  (X  ;  or 

p3  =Pi  +i>2  sec.  a; 

=  Pi  (  1  +  sec.  a  -f-  sec.  -  a). 
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So,  in  general,  for  a  train  of  n  cars,  the  force  necessary  to  apply  to 
the  forward  car  in  its  own  direction  to  maintain  uniform  motion  is,  per 
ton, 

Pn=Px  (1  4- sec.  a:-j-sec.  '^  a  ^  &c.  +sec.  ^  — ^  aj. 

But  sec.  (X  ~l-\-  exsec.  (X,  and  making  the  substitution  we  have 
Pi=P\'> 

p.^^Pi  (2  4- exsec.  CC); 
J93  =Pj  (3  +  3  exsec.  a  4-  exsec.  ^  CJiCj; 
Pi  =p^  (4  -f-  6  exsec.  -\-(X  i  exsec.  ^  ex:  {-  exsec.  ^  (Xj ; 

/           n    (n  —  1)                       n  (n  —  l)(n  —  2)  •       .      c     \ 

pn  =  Px   (  ^  4-   —  n  exsec.  a  ] ^ ^    ^exsec.  ^OC  -f-,  &c.  I 

the  co-efEcients  of  the  several  powers  of  exsec.  OC  being  formed  ac- 
cording to  the  binomial  theorem. 

Since  the  external  secants  of  small  angles  are  to  each  other  as  the 
squares  of  the  angles  very  nearly,  if  we  select  the  external  secant  of 
10°,  which  is  .0154,  we  have  by  a  simple  proportion  for  any  small  angle, 
OL   expressed  in  degrees : 

exsec.  a^  .000154  ^a. 
Making  this  substitution  in  the  last  expression,  and  assuming  at  the 

same  time  that  three  cars  will  equal  100  feet  in  length,  whence  OL  -=~o' 
or  one-third  the  degree  of  curve,  we  derive  the  following  general  for- 
mula: 

"  [n  —  1).V,  85555  D^; 

+  {n—1)   {n  —  2).X,  488  D*; 

-\-  {n  —  l)  {n-2)  (n— 3).XV,  21  D'; 

+  &c. 


pn  =  np^-{-np^ 


The  Roman  numerals  are  used  to  express  the  number  of  naughts 
between  the  decimal  point  and  the  significant  figures  of  the  decimal 
coefficient  of  the  powers  of  D. 

This  formula,  then,  gives  us  the  total  tractive  forre  pn,  expressed  in 
pounds  per  ton,  necessary  to  be  applied  at  the  head  of  a  train  of  n  cars, 
moving  at  a  uniform  velocity  on  a  curve,  whose  degree  of  curve  is  D,  in 
terms  of  the  total  force  p  ^ ,  expressed  in  pounds  per  ton  necessary  to  move 
one  car  on  the  same  curve  at  the  same  velocity.  The  quantity  in  brackets 
is,  evidently,  a  co-efficient  by  which  we  may  obtain  the  increment  of 
resistance  due  to  the  length  of  train  on  a  curve  D.  To  facilitate  the 
further  study  of    this  subject,  I  have  been  at  some  pains  to  tabulate 
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Table  of  Values   of   the   Co -efficient   K,  for  Finding  the   Incee- 

MENT     TO    THE    RESISTANCE    OF     A    TeAIN   IN    TeEMS   OF   THE   NuMBER 

OF  Cars,  and  the  Degree  of  Curve. 


No.  of 

5° 

10° 

15° 

20° 

25° 

Cars 

Curve 

Diff. 

Curve 

Diff. 

Curve 

Diff. 

Curve 

Diff. 

Curve 

Diff. 

n. 

K. 

K. 

A'. 

K. 

A'. 

5 

.0009 

.0034 

.0077 

.0138 

.0216 

10 

.0019 

10 

.0077 

43 

.0175 

98 

.0314 

176 

.0495 

279 

15 

.0030 

.0121 

44 

.0274 

99 

.0494 

180 

.0784 

289 

20 

.0041 

.0164 

43 

.0374 

100 

.0678 

184 

.1084 

300 

25 

.0052 

.0208 

44 

.0476 

102 

.0866 

188 

.1395 

311 

30 

.0062 

.0251 

43 

.0579 

103 

.1059 

193 

.1717 

322 

35 

.0073 

.0296 

45 

.0683 

104 

.1256 

197 

.2050 

333 

40 

.0084 

.0341 

45 

.0789 

106 

.1458 

202 

.2396 

346 

45 

.0095 

.0386 

45 

.0896 

107 

.1664 

206 

50 

.0106 

.0431 

45 

.1004 

1G8 

.1875 

211 

65 

.0116 

.0476 

45 

.1114 

110 

60 

.0127 

.0522 

46 

.1225 

11) 

65 

.0138 

.0568 

46 

.1338 

113 

70 

.0149 

.0614 

46 

.1452 

114 

75 

.0160 

.0660 

46 

80 

.0171 

.0707 

47 

85 

.0182 

.0754 

47 

90 

.0193 

.0801 

47 

95 

.0204 

.0849 

48 

100 

.0215 

.0896 

47 

No.  of 

30° 

35° 

40° 

45° 

50° 

Cars 

Curve 

Diff. 

Curve 

Diff. 

Curve 

Diff. 

Curve 

Diff. 

Curve 

Diff. 

n. 

K. 

.0313 



K, 

K. 



K. 

K. 

5 

.0428 

.0563 

.0717 

.0893 

10 

.0722 

409 

.0998 

570 

.1326 

763 

.1712 

995 

.2161 

1268 

15 

.1153 

431 

.1609 

611 

.2163 

837 

.2828 

1116 

.3621 

1460 

^0 

.1607 

454 

.2264 

655 

.3078 

915 

.4078 

1250 

.5298 

1677 

25 

.2085 

478 

.2967 

703 

.4080 

1002 

30 

.2588 

503 

.3719 

752 

35 

.3117 

529 
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a  series  of  values  for  the  quantity  in  the  brackets,  and  which  I  will  de- 
note by  the  letter  K,  for  curves  ranging  from  5°  to  50°,  and  for  trains 
ranging  from  5  cars  to  100  cars. 

An  examination  of  the  formula  shows  us  that  while  Ovaries  with 
the  even  powers  of  D  and  of  n,  the  numerical  co-efficients  of  these 
powers  above  the  square  decrease  so  rapidly  that  the  higher  powers  can 
have  little  effect  on  the  value  of  K,  unless  either  D  or  n  be  great ;  that 
is,  unless  we  have  a  very  sharp  curve  or  a  very  long  train. 

In  the  table,  we  see  that  for  a  5°  curve  the  differences  of  the  value  of  K 
are  nearly  constant,  while  for  a  20°  curve,  and  upwards,  they  have  a 
decidedly  increasing  ratio. 

The  value  of  ^i  is  determined  only  by  experiment.  If  we  adopt  the 
usually  accepted  values  for  resistances,  we  have  p  ,  the  total  resistance  of 
a  single  car  in  pounds  per  gross  ton,  composed  of  7.5  pounds  for  level 
tangent,  22.4:6r,  for  a  rising  grade,  G  expressed  in  feet  per  100  feet,  and 
0 .  bD  for  a  curve,  D  being  the   degree  of   curve  expressed  in  degrees^ 

Thus: 

i?i  =  7. 5  +  22.5^+0.51) 
for  one  car,  and 

Pn=np^  (1+^ 

for  the  total  train  resistance  in  pounds  per  ton.  It  is  to  be  observed 
that  while  the  primary  curve  resistance  is  say  0 . 5  Z),  and  independent  of 
the  grade  resistance,  the  increment  to  the  curve  resistance  which  we 
are  seeking  is  a  product  of  the  entire  resistance  due  to  grade  and  curve 
by  our  co-efficient  K,  and,  when  found,  is  to  be  added  to  the  primary 
curve  resistance  to  get  the  total  curve  resistance.  Therefore,  for  a  given 
train,  the  curve  resistance  increases  as  the  grade  grows  steeper,  but,, 
on  the  other  hand,  the  increment  is  less  as  the  number  of  cars  is  less, 
which  is  necessarily  the  case  in  steep  grades.  We  shall  see  presently 
what  the  ultimate  effect  will  be  with  a  given  engine. 

Let  us  now  assume  a  train  of  20  cars,  weighing  20  tons  each,  and 
ascertain  the  resistances  it  will  encounter  on  various  grades  and  curves, 
the  cars  measuring  3  to  100  feet.  The  following  table  indicates  the 
method  of  obtaining  resistances.  Assuming,  for  example,  the  grade  of 
0.67  per  station,  we  find  the  proper  co-efficient  Kior  5°  and  multiples 
of  5°  ;  then  write  the  partial  resistances  for  level  tangent,  for  grade  and 
for  one  car  on  the  curve,  all  in  pounds  per  ton  ;  add  these  together,, 
multiply  by   K,  and  set  down  the  product  in  the  column  for  incre- 
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ment.  Add  the  four  columns  together  for  the  total  resistance  in  pounds 
per  ton.  This,  multiplied  by  the  weight  of  train  in  tons,  gives  the  ag- 
gregate resistance  of  the  cars.  Adding  together  the  third  and  fourth 
columns  of  the  partial  resistances  gives  the  curve  resistance  in  pounds 
per  ton ;  this,  divided  by  D,  gives  the  same  per  degree,  and  dividing 
again  by  22.4  gives  the  equivalent  grade  in  feet  per  station  per 
degree,  as  shown  in  the  last  column.  This  is,  therefore,  the  reduction 
in  grade  or  flattening  that  a  0.67  grade  would  require  in  the  case 
ae^sumed. 

Table  of  Resistances — Trains  of  20  Cars  of  20  tons  each,  Length 
667  Feet,  Grade  0.67  per  Station. 


CM 

o 

a 

Partial  Resistances. 

Total  Resistance. 

Curve  Resistance. 

D 

o 

6 

K 

Level 
Tang. 

Grade 
G 

Curve. 
1  Car. 

Incre- 
ment. 

Pounds 
per  Ton. 

Per  Train, 
Pounds. 

Total 

Lbs.  per 

Ton. 

Lba.  per 
Ton  per 
Degree. 

Equiv. 

Grade,  ft. 

per  100 

per 
Degree. 

5 

.0041 

7.5 

15.0 

2.5 

.10 

25.10 

10  040 

2.60 

•520 

.02  J 

10 

.0164 

5.0 

.45 

27.95 

11  180 

5.45 

.545 

.024 

15 

.0374 

7.5 

1.12 

31.12 

12  448 

8.62 

.575 

.02S 

20 

.0678 

10.0 

2.20 

34.70 

13  880 

12.20 

.610 

.027 

25 

.1084 

<< 

12.5 

3.79 

38.79 

15  516 

16.29 

.651 

.02* 

30 

.1607 

15.0 

5.03 

42.53 

17  012 

20.03 

.701 

.031 

35 

.2264 

17.5 

9.06 

49.06 

19  624 

26.56 

.759 

.034 

40 

.3078 

20.0 

13.08 

55.58 

22  232 

33.08 

.827 

.037 

45 

.4078 

22.5 

18.35 

63.35 

25  340 

40.85 

.908 

.041 

50 

.5298 

25.0 

25.17 

72.67 

29  068 

50.17 

1.003 

.045 

Proceeding  in  a  similar  manner  for  other  grades,  and  for  other 
lengths  of  train  or  number  of  cars,  we  obtain  results  which  are  summar- 
ized in  the  third  table .  The  single  line  drawn  through  this  table  indi- 
cates the  limits  to  the  capacity  of  one  consolidation  engine  ;  the  double 
line,  the  limit  of  two,  hauling  the  train. 

We  see  at  once  that  the  curve  resistance  per  degree  increases  with 
the  grade,  and  also  with  the  curvature  for  a  given  length  of  train.  But, 
as  Mr.  Morley  was  of  the  opinion  that  the  curve  resistance  per  degree  is 
less  on  the  heavier  grades,  owing  to  the  shortness  of  the  trains,  let  us 
look  at  this  side  of  the  question  a  moment. 
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SUMMAKY    OF    EQUIVALENT    GrADES    PER    STATION    PER  DEGREE    FOR   20 

Cars  of  20  Tons  each,  on  Various  Curves  and  Grades. 


Grade. 

5° 

10° 

.023 
.024 

15° 

.024 
.026 

20° 

.025 
.027 

25° 

.026 
.029 

30° 

.028 

35° 
.030 

40° 

45° 

50° 

0.00 

.023 
.023 

.024 

.032 

.035 
.041 

.038 
.045 

0.67 

.031 
.035 

.034 
.038 

.037 

1.34 

.025 
.027 

.027 
.029 

.030 
.032 

.032 
.035 

.042 
.047 

.047 
.052 

.053 

2.01 

.024 

.039 

.043 

.059 

For  30  Cars. 


For  40  Cars. 


0.00 

.023 

.024 

.026 

.028 

.031 

€.67 

.024 

.027 

.029 

.033 

.038 

1.34 

.025 

.029 
.031 

.033 
.036 

.038 
.043 

.044 

2.01 

.026 

.051 

0.00 

.023 
.024 

.024 

.025 
.027 

.027 

.029 

.030 

.032 

0.67 

.025 
.  .027 

.030 

,033 



.036 
.042 
.048 

.039 
.047 
.055 

1.34 

.025 
.025 

.030 
.033 

.034 
.037 

.038 
.042 

2.01 

.029 

Suppose  an  engine  of  60  tons,  having  a  tractive  force  limited  to 
18  000  pounds,  hauling  its  maximum  number  of  loaded  cars  on  a  20° 
curve  ;  the  curve  being  long  enough  to  hold  the  entire  train.  Now,  let 
the  grade  vary  from  a  level  to  a  4  per  cent,  grade,  and  we  have  the 
results  shown  by  table  at  head  of  the  next  page. 

We  find  that  under  a  constant  tractive  force,  the  increment,  and  con- 
sequently the  total  curve  resistance,  grows  less  as  the  grade  increases, 
but  very  slowly  indeed;  so  that  the  variations  in  the  equivalent  grade 
are  hardly  apparent  except  in  the  fourth  decimal  place. 
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Table   of   Resistances  for    a  Consolidation   Engine   of    60    Tons, 
Hauling  its  Maximum  Train  on  a  20  Degree  Curve.* 


n 


O.OoI  41 

.33;  29 

.67  22 

1.00  18 

1.34  15 


1.67 
2.01 
2.35 
2.68 
3.01 
3.35 
3.68 
4.02 


12 

10 

9 

8 

7 
6 
5 
5 


Pabtial  Resistances. 

a 

6 
O 

K 

p 

s 
H 

> 

1-1 

u 
O 

Curve,  one 
Car,  lbs. 
per  Ton. 

"S 

a 

u 
l-l 

.1499 

7.5 

0.0 

10.0 

2.62 

.1020 

" 

7.5 

2.55 

.0753 

'• 

15.0 

2.45 

.0604 

" 

22.5 

2.42 

.0494 

" 

30.0 

2.35 

.0386 

" 

37.5 

2.12 

.0314 

" 

45.0 

1.96 

,0279 

" 

52.5 

1.95 

.0243 

" 

60.0 

1.87 

.0208 

" 

67.5 

1.77 

.0173 

" 

75.0 

,, 

1.60 

.0138 

" 

82.5 

1.38 

.0138 

" 

90.0 

1.48 

P  o 
.2  u 
«  . 


20.12 
27.55 
34.95 
42.42 
49.85 
57.12 
64.46 
71.95 
79.37 
86.77 
94.10 
101.38 
108.98 


a  a 
o  ca 


880 
640 
500 
420 
360 
300 
260 
240 
220 
200 
180 
160 
160 


I— c  O  CS 

H 


17  705 
17  632 
17  475 
17  816 
17  946 
17  136 

16  760 
■  17  268 

17  461 
17  354 
16  938 

16  221 

17  437 


Curve  Resistakce. 


o  p4 
H 


12.62 
12.55 
12.45 
12.42 
12.35 
12.12 
11.96 
11.95 
11.87 
11.77 
11.60 
11.38 
11.48 


0) 

_  u 

.  "3   QD 
(D    C    V 

J=Hfi 


.631 

.6275 

.6225 

.621 

.6175 

.606 

.598 

.5975 

.5935 

.5885 

.£80 

.569 

.574 


O      ® 


C  AtJO 

(=1 


.0281 
.0280 
.0278 
.0277 
.0275 
.0270 
.0269 
.0267 
.0265 
.0263 
.0257 
.0254 
.0255 


We  are  forced  to  conclude,  therefore,  that  the  variation  in  compensa- 
tion adopted  by  Mr.  Morley  is  excessive  and  not  founded  on  a  true  phi- 
losophy. This  may  almost  be  inferred  from  his  paper,  in  which  he 
admits  that  the  .05  and  .06  compensations  were  too  great  on  the  sharp 
curves,  where  the  effect  would  naturally  be  conspicuous.  He,  however, 
used  the  .  06  on  low  grades  and  flat  curves,  where  its  ill  effect  was  not  so 
easily  discovered. 

It  would  also  appear  that  his  compensatit:)n  was  everywhere  excessive 
in  amount,  judging  from  the  general  experience  on  our  first-class  roads. 
If  the  resistances  he  gives  really  existed  it  would  seem  to  indicate  *'  that 
something  was  wrong  with  the  track."  It  is  not  unlikely  that  on  a  rap- 
idly constructed  road  over  vast  stretches  of  wild  and  mountainous  coun- 
try, there  would  be  imperfections  in  the  track  of  various  sorts  that  would 
materially  increase   the  resistance,   especially  on  curves.      This  would 

*  Note — When  a  given  curve  is  shorter  than  the  train,  the  proper  value  of  the  co-efficient 
A',  to  be  selected  from  the  first  table,  is  determined  by  the  number  of  cars  that  the  length  of 
the  curve  will  hold. 
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naturally  lead  to  a  large  compensation  on  curves  detrimental  to  the  road 
when  the  road-bed  is  perfected. 

We  have  only  to  suppose  a  curve  resistance  of  three-quarters  of  a 
pound  per  ton  (instead  of  one-half  pound),  to  bring  up  the  compensa- 
tion to  . 039  per  station  per  degree,  or  just  about  Mr.  Morley's  lowest 
figure;  but  this  will  also  reduce  the  number  of  cars  in  the  maximum 
train.  The  figures  in  the  last  table  would  thus  become,  for  level  grade, 
32  cars  and  compensation  .0392;  for  1.00  grade,  11  cars  and  .0382;  for 
4.01  grade,  4  cars  and  .0362. 

Thus  we  may  admit  that  his  compensation  of  .04  was  "  about  right  " 
for  sharp  curves  and  heavy  grades  on  that  road;  but  if  so,  it  was  also 
about  right  for  the  flat  curves  and  low  grades,  since  with  a  constant 
engine  force  the  variation  in  the  resistance  per  degree  is  too  small  to  be 
noticed,  except  by  delicate  apparatus.  Just  how  great  this  variation  is, 
may  be  seen  in  the  following  statement,  in  which  we  resume  the  resist- 
ance of  one-half  pound  per  ton  per  degree,  one  60-ton  engine  and  maxi- 
mum train : 


Level. 

2.01  Gbade. 

4.02  Geade. 

n. 

jE'2.  gr. 

n. 

Eq.  gr. 

n. 

JEq.  gr. 

For  10°  curves. . . 

62 

.0254 

12 

.0247 

5 

.0238 

<(  20°   "  ... 

41 

.0281 

10 

.0269 

5 

.0255 

<<  30°   <«  _ 

29 

.0307 

9 

.0287 

4 

.0267 

We  thus  have  the  extreme  range  for  a  train  with  one  engine,  from 
.0238  on  a  10  degree  curve  and  4.02  per  cent,  grade  to  .0307  on  a  30  de- 
gree curve  and  level  or  quite  light  grade.  This  theory  confirms  Mr. 
Morley's  practical  ideas  in  a  general  way,  though  the  actual  variation  is 
less  than  he  supposed. 

With  regard  to  widening  the  gauge  in  curves,  I  can  see  no  advantage 
in  this  practice  so  far  as  a  four-wheeled  truck  is  concerned.  On  the 
contrary,  I  think  the  friction  is  rather  increased  by  widening,  as  it 
leaves  all  the  work  of  turning  the  truck  to  the  flange  of  the  forward  out- 
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side  wheel  with  an  aggressive  motion  toward  the  rail,  instead  of  giving 
part  of  the  work  to  the  flange  of  the  rear  wheel  on  the  inner  side  with  a 
retreating  motion  from  the  rail .  The  friction  on  the  outer  rail  tends, 
by  its  retarding  effect,  to  turn  the  truck  in  the  wrong  direction;  but  if 
friction  were  produced  on  the  inside  rail  it  would  tend  to  turn  the  truck 
in  the  same  direction  as  the  curve .  This  statement  is  true  also  for  a 
base  of  three  or  more  wheels,  provided  the  curve  is  flat  enough  to  let 
the  rear  wheel  flange  be  the  first  to  come  into  contact  with  the  inner 
rail.  When  a  curve  is  so  sharp  that  one  of  the  intermediate  wheel  flanges 
touches  the  inner  rail,  it  is  time  to  widen  the  gauge,  and  only  then. 

The  play  of  one-half  inch  ordinarily  allowed  in  tangents  is  sufiicient 
for  a  five-foot  wheel-base  on  a  19  degree  30  minute  curve,  the  rear  axle 
being  radial  to  the  curve  when  the  flange  touches  the  inner  rail,  or  for 
a  ten-foot  wheel-base  on  a  4  degree  45  minute  curve. 

The  necessary  play  on  any  curve  is  readily  found  by  the  approximate 

formula: 

.00008721)^2, 

in  which  D  is  the  degree  of  curve  and  I  is  the  rigid  wheel-base  in  feet, 
the  result  being  in  feet.  From  this  result  deduct  the  play  allowed  on 
tangents  to  find  the  necessary  widening  on  the  curve,  which  will  be  much 
less  than  is  usually  supposed.  The  wheels  are  assumed  to  be  not  coned, 
otherwise  a  wheel  could  not  run  comfortably  with  its  flange  in  contact 
with  the  inner  rail. 

A.  M.  WELiiiNGTON,  M.  Am.  Soc.  C.  E. — I  conceive  that  Mr.  Searles, 
careful  theoretical  discussion  of  the  problem  is  vitiated  throughout  by 
a  fundamental  error  in  the  premise  on  which  he  bases  his  mathematical 
reasoning;  the  error  consisting  in  applying  processes  which  are  only 
correct  for  statical  forces,  or  mere  stresses,  to  dynamic  energy  or  power 
proper.  It  is  not  true  at  all,  or,  if  true,  it  is  a  fact  which  must  be  proved 
and  not  assumed,  that  "  we  experience  a  resistance  due  to  the  angle 
between  the  cars  on  a  curve  in  addition  to  the  sum  of  the  resistances" 
normally  existing  on  the  curve,  simply  because  "  the/orce  applied  to  (the 
second  car  from  the  rear)  in  its  own  direction  must  be  equal  to  (its  own) 
resistance  plus  the  resistance  of  the  rear  car  multiplied  by  the  secant  of 
the  angle  between  their  directions."  Force,  i.  e.,  statical  stress,  is  one 
thing  ;  resistance,  i.  e.,  destruction  of  dynamic  energy,  is  another  and 
quite  a  different  thing.    We  cannot  reason  away  energy  with  a  parallel©- 
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gram  of  forces,  but  most  prove  where  and  how,  if  at  all,  it  is  lost  by- 
additional  friction.  As  a  matter  of  fact,  if  the  reasoning  given  below  be 
correct,  Mr.  Searles'  statement  is  not  even  true  of  the  statical  tension 
upon  the  draw-bars;  but  whether  this  be  so  or  not,  the  tension  on  draw- 
gear  constitutes  the  mere  vehicle  for  transmitting  the  power  developed 
by  the  locomotive  to  the  points  where  frictional  resistances  are  to  be  over- 
come, and  it  is  needless  to  say  that  no  mere  losses  of  moment  from 
obliquity  of  traction,  or  from  unfavorable  leverage,  or  any  detail  whatever 
in  a  machine  of  any  kind  for  the  transmission  of  power  from  its  source  to 
its  point  of  application,  can  either  add  or  take  away  a  single  foot-pound 
of  energy.  It  is,  no  doubt,  entirely  pertinent  to  prove,  (1)  that  obliquity 
of  traction  disturbs  the  direct  transmission  of  power,  by  producing  lat- 
eral resultants  and  otherwise,  and  (2)  that  additional  frictional  resist- 
ances are  thereby  caused  which  increase  the  demand  upon  the  locomo- 
tive, or  foot-pounds  of  Avork  required  per  foot  passed  over  by  the  train. 
But  to  assume  such  loss  on  the  first  ground  only,  without  proving  the 
second,  is  simply  begging  the  question.  It  is  taking  for  granted  not 
only  what  has  not  been  proved,  but  what  in  all  probability  cannot  be 
proved ;  for  it  is  all  but  certain  that  the  centripetal  force  caused  by  ob- 
liquity of  traction  is,  so  far  as  it  has  any  effect  at  all,  an  advantage.  For 
there  is  a  force  far  exceeding  the  centrifugal  force  at  highest  working 
speeds,  which  tends  to  crowd  and  does  crowd  the  slowest  moving  trains 
against  the  outside  rail,  however  high  the  elevation;  causing  rapid  flange- 
wear  of  the  outside  rail  and  wholly  preventing  flange-wear  of  the  inner 
rails.  This  force  is  the  tendency  of  all  rectangular  wheel-bases,  whether 
the  wheels  be  coned  or  not,  to  roll  in  or  near  to  a  straight  line;  the  truck 
being  caused  to  follow  the  curve  by  a  strong  centripetal  flange-pressure. 
In  so  far,  therefore,  as  the  lateral  resultant  at  the  coupling  points 
amounts  to  anything  (comparatively  it  is  a  mere  trifle) ,  it  must,  as  stated, 
be  an  advantage  and  not  a  disadvantage. 

It  is  for  these  reasons  not  really  essential  to  prove,  what  nevertheless 
is  believed  to  be  the  case,  that  Mr.  Searles'  method  of  analyzing  the 
statical  strains  at  the  coupling  points  is  not  sound. 

In  the  figure  let  the  lines  OOP  represent  the  axes  of  two  successive 
cars  moving  in  either  direction;  P  P,  the  two  coupling-pins,  and  i  the 
coupling-link.  Let  the  lines  S  represent  in  magnitude  and  direction  the 
tensile  force  acting  upon  the  link  and  tending  to  rupture  it.  As  a  mat- 
ter of  course,  these  forces  S  are  equal  to  each  other,  and  it  would  be  in- 
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teresting  to  see  by  what  process  they  could  be  resolved  into  forces  acting 
along  the  axes  of  the  cars  without  making  the  latter  also  equal.  As  a 
matter  of  fact,  it  is  thought  to  be  perfectly  clear  from  the  above  that 


they  are  so  equal.  The  losses  of  tensile  force  from  car  to  car  occur  at 
the  centre-pins  0  of  each  car,  and  not  at  the  coupling-points  P .  The 
tension  on  the  front  end  and  the  back  end  of  the  draw-gear  of  any  given 
car  is  always  different  by  the  amount  of  the  frictional  resistances  of  that 
car;  but  the  longitudinal  strains,  parallel  with  the  respective  axes  of  the 
cars,  on  the  rear  of  the  draw-gear  of  a  forward  car  and  the  front  end  of 
the  draw-gear  of  a  rear  car,  are  always  equal  to  each  other  in  magnitude, 
although  different  in  direction  by  the  amount  of  the  angle  between  the 
axes.  That  is  to  say,  the  diminution  of  tensile  force  from  car  to  car  is 
internal  to  each  car  and  not  at  all  at  the  coupling-point.  Thus,  any 
reasoning  based  on  the  assumption  of  such  loss  of  tensile  force  at 
coupling-points  must  fall  to  the  ground;  since  in  no  sense  whatever  is  it 
true  that  "we  experience  a  loss  of  force  due  to  the  angle  existing  be- 
tween the  cars  on  a  curve,"  whether  the  word  "force"  be  taken  to 
mean  dynamic  energy  in  foot-pounds,  as  it  should  and  must  mean  to 
prove  an  increase  in  curve-resistance  according  to  Mr.  Searles'  discus- 
sion, or  simply  as  another  term  for  tension  on  the  draw-gear. 


Wm.  H.  Searles. — It  is  not  now  necessary  to  prove  that  a  force  acting 
at  an  angle  with  the  direction  of  motion  of  the  body  which  it  moves, 
acts  at  a  disadvantage.  Each  car  is  constrained  in  its  direction  by  the 
track,  and  the  car  ahead  of  it  on  a  curve  must  transmit  more  force  to 
keep  up  uniform  motion  than  if  the  traction  was  exerted  in  the  line  of 
the  rear  car.  Granted  that  the  resistance  is  applied  at  the  centre  pins 
of  the  trucks.  Then  the  car  must  overcome  those  resistances  while 
moving  in  its  own  direction.  The  moving  force  is  derived  from  another 
car  moving  in  another  direction,  and  to  overcome  the  same  resistance  it 
must  be  greater  as  the  angle  is  greater.     The  effect  of  the  "lateral  re-^ 
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STiltant "  has  not  been  taken  into  consideration  by  me  for  the  reason 
stated  by  Mr.  Wellington,  that  "comparatively  it  is  a  mere  trifle." 
The  discussion  might  have  considered  each  truck  instead  of  each  car,  but 
I  could  not  see  that  this  more  minute  analysis  would  have  any  special 
advantage. 

The  illustration  of  the  coupling-pins  does  not  affect  the  case.  As 
given,  it  is  simply  the  case  of  a  chain  of  links  lying  at  rest  on  the  surface 
of  a  movable  pulley.  But  each  car  is  an  independent  vehicle,  having 
its  own  direction  and  developing  its  own  resistance  ;  hence  the  view  I 
have  taken  seems  to  be  correct — and  there  is  a  loss  of  tractive  force  at 
the  coupling-point  exactly  equal  to  what  is  required  to  produce  the 
lateral  resultant. 

There  may  be  cases  where  any  reduction  of  grade  for  curvature  is  a 
disadvantage.  In  the  case  of  a  coal  road,  on  which  the  loaded  trains 
are  hauled  down  grade,  I  am  informed  that  the  sudden  increase  of  resist- 
ance due  to  a  curve,  when  the  brakes  are  set  at  the  rear  of  the  train, 
sometimes  has  the  effect  to  break  a  train  of  coal  cars  in  two.  The  advan- 
tage to  the  empty  trains  going  up  grades  equated  for  curvature,  is  quite 
overbalanced  by  the  liability  to  such  an  accident. 

A.  M.  Wellington. — I  am  unable  to  perceive  that  Mr.  Searles'  addi- 
tion to  his  discussion  has  done  more  than  to  intensify,  perhaps,  the 
original  difficulty,  as  seems  clear  from  his  opening  sentence.  As  r^especis 
any  static  stress,  it  is,  of  course,  '*not  now  (or  at  any  time)  necessary  to 
prove  that  a  force  acting  at  an  angle  with  the  direction  of  motion  of  the 
body  which  it  moves  acts  at  a  disadvantage,"  but  that  it  is  "  not  neces- 
sary to  prove,"  before  taking  it  for  granted  without  proof,  that  there  is 
an  actual  dissipation  of  the  energy  of  a  prime  mover  on  account  of 
"angles  in  the  direction  of  motion  of  the  bodies  which  it  moves," 
seems  a  curious  proposition,  in  view  of  the  incessant  and  innumerable 
changes,  both  in  the  magnitude  and  direction  of  static  forces,  which  are 
produced  in  handling  power  through  almost  every  form  of  mechanism. 
It  may  be  further  added  that  whether  the  illustration  of  the  coupling- 
pins  is  or  is  not  "  simply  the  case  of  a  chain  of  links  lying  at  rest  on  the 
surface  of  a  movable  pulley,"  hardly  seems  a  pertinent  fact  to  adduce  as 
an  answer  to  a  discussion  ;  the  point  being  rather  to  show,  not  what  the 
diagram  is  or  is  not,  but  whether  it  correctly  represents  and  discusses 
the  forces  actually  acting  in  the  given  case,  and  if  not,  why  not.  That 
the  addendum  does,  however,  correctly  describe  what  the  diagram  is,  may 
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be  admitted,  since  the  transmission  of  force  from  car  to  car  through  a 
train  on  a  curve  is,  in  fact,  I  conceive,  a  precise  mechanical  parallel  to 
the  transmission  of  power  by  a  rope  or  chain  over  a  pulley  ;  the  rope 
being  the  string  of  car  bodies,  and  the  car  wheels  the  pulleys.  The  fact 
that  the  pulleys  are  carried  by  the  rope  itself,  instead  of  in  a  block  exte- 
rior to  it,  is  a  mere  detail  not  affecting  the  mechanical  conditions.  In 
either  case  the  loss  from  such  transmission  is  simply  the  friction  of  the 
pulley.  Conceive  a  chain  made  of  successive  links,  each  carrying  a 
pulley  wheel  and  being  dragged  over  a  large  cylinder,  or  succession  of 
cylinders,  large  or  small.  Conceive,  further,  the  rope  to  be  so  long  and 
the  friction  of  the  pulleys  so  great  that  the  whole  power  of  the  prime 
mover  is  consumed  in  keeping  the  chain  in  motion  at  uniform  speed. 
We  have  here,  I  submit,  a  perfect  mechanical  parallel  to  a  train  in  motion 
on  a  curve,  the  only  difference  being  that  the  resultant  of  all  the  forces 
acting  on  the  wheels  does  not,  in  case  of  a  railroad  train,  lie  exactly 
(although  it  does  nearly)  in  the  plane  of  the  wheels  themselves,  whereas 
in  the  case  of  the  pulley  wheels  it  does.  But  wherein  any  "resistance" 
arises  at  the  coupling-points  from  "  change  of  direction,"  or  obliquity  of 
traction,  or  from  any  other  source  than  the  friction  of  the  pulleys 
proper,  seems  not  only  difficult  to  see,  but  an  evident  impossibility.  It 
is,  of  course,  true  that  the  resistances  of  the  rear  pulleys  would  tend  to 
press  each  pulley  in  advance  more  tightly  against  the  surface,  and  so  pro- 
duce greater  friction  in  the  pulley  itself  ih9>n  would  otherwise  exist ;  and 
similarly  in  the  case  of  a  railroad  train  it  is  entirely  pertinent  to  prove 
that  a  lateral  centripetal  force  is  produced  by  obliquity  of  traction,  so 
that  the  resultant  of  all  forces  does  not  lie  in  the  plane  of  the  wheel, 
and  that  this  fact  produces  greater  friction.  The  latter,  however — the 
only  possibility  pertinent  to  discuss — Mr.  Searles  himself  states,  is  so 
trifling  a  cause  for  friction  that  he  did  not  deem  it  necessary  to  even 
consider  it ;  and,  for  reasons  already  adduced,  it  seems  probable  that  in 
so  far  as  it  has  any  effect  it  is  a  beneficial  one,  tending  to  reduce  the 
grinding  flange-wear  which  is  exclusively  confined  to  the  outside  rail. 

Charles  E.  Emery,  M.  Am.  Soc.  C.  E.  — The  able  and  elaborate 
discussions  of  Messrs.  Searles  and  Wellington  show  their  earnest  convic- 
tions with  reference  to  their  particular  views.  Having  been  invited  to 
join  the  discussion,  I  find  I  cannot  agree  with  both  of  the  gentlemen, 
but  I  will  attempt  to  point  out  briefly  the  error  of  Mr.  Searles'  position 
in  a  somewhat  different  manner  from  that  employed  by  Mr.  Wellington, 
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Mr.  Searles  assumes  that  the  angle  between  the  cars  on  a  curve 
increases  directly  the  tractive  forces,  whereas,  in  fact,  such  angles  merely 
modify  the  friction  and  thereby  aflfect  the  tractive  forces  in  at  least  a 
secondary  degree. 

The  connecting  rod  of  an  engine,  if  five  times  the  length  of  the 
crank,  brings  at  times  a  lateral  strain  on  the  guides  of  20  per  cent,  of  the 
effective  pressure  on  piston  ;  but  20  per  cent,  of  the  pressure  is  not  lost 
— only  the  friction  caused  by  the  20  per  cent.,  or,  say,  on  oiled  surfaces, 
2  per  cent,  of  20  per  cent.,  or  i%  of  1  per  cent.,  and  this  much 
only  momentarily  at  two  points  in  the  revolution.  So  in  the  train 
of  cars  the  tractive  forces  are  not  increased  from  the  rear  as  the  secants  of 
the  angles  between  the  cars;  but  the  traction  simply  produces  centripetal 
forces  measured  by  the  tangents  of  the  angles  named,  which  act  almost 
precisely  like  the  super-elevation  of  the  outer  rail,  and  which,  therefore, 
under  certain  conditions,  and  perhaps  in  portions  of  the  length  of  every 
train,  actually  diminish  instead  of  increasing  the  tractive  force,  but 
which,  when  super-elevation  is  already  sufficient,  may  cause  a  slight 
increase  of  pressure  and  consequently  of  friction  on  the  inner  rail. 
Mr.  Searles  acknowledges  that  Mr.  Wellington  is  right  in  stating 
that  the  effect  of  the  lateral  resultant  is  "comparatively  a  mere 
trifle. "  If  so,  when  it  is  considered  that  this  lateral  resultant  is  all 
that  causes  the  resistance  discussed,  and  merely  modifies  but  does  not 
always  increase  the  friction,  cannot  the  supposed  losses  so  elaborately 
urged  by  Mr.  Searles  be  called  not  "comparatively  a  mere  trifle,"  but 
really  insignificant  ? 
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THE    HEAVY    GUN    QUESTION. 


By  Captain  O.  E.  Michaelis,  M.  Am .  Soc.  C.  E. 
Read   at  the  Annual   Convention,  June   10th,  1884. 


Do  we  require  heavy  guns  ?  This  appears  to  be  the  first  phase  to  be 
examined .  My  presenting  it  may  excite  a  smile,  and  yet  the  strange 
apathy  of  Congress  in  regard  to  this  matter,  during  the  past  twenty 
years,  renders  justifiable  the  assumption  that  the  answer  to  the  question 
is  not  so  simple  as  might  be  supposed.  Our  Atlantic,  Pacific  and  Gulf 
coasts,  our  Lake  littoral,  all  dotted  with  the  great  cities  of  our 
country,  are  to-day  almost  utterly  defenseless. 

In  case  of  sudden  war,  can  we  hope  for  a  Bens  ex  machina  in  the 
shape  of  another  Monitor  ?  Is  it  judicious  to  depend  entirely  upon  the 
negative  defense  of  a  torpedo  system?  Though  it  be  the  best  in  the  world, 
a  determined  enemy  could  yet,  by  the  sacrifice  of  a  portion  of  his  fleet, 
lay  our  richest  harbors  under  contribution.  Assuredly  we  require  positive 
protection — heavy  guns.  According  to  the  reports  of  the  Chiefs  of  the 
Engineer  and  Ordnance  Corps,  over  four  thousand  guns  of  position  are 
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needed  for  existing  fortifications.  Of  course,  in  time,  with  the  growth 
of  the  country,  this  number  will  rapidly  increase.  It  may  be  contended 
that  defensive  preparations  are  unnecessary;  that  our  status  as  a  great 
nation  is  so  well  assured,  our  geographical  position  so  favorable,  that 
we  are  safe  from  attack  of  any  kind.  Let  us  not  be  lulled  into  false 
security;  causes  for  international  dififerences  may  arise  any  day;  it  is 
needless  to  indicate  them  to  intelligent  readers  and  thinkers. 

A  great  nation  should  be  unmistakably  recognized  as  willing  and  able 
to  defend  and  maintain  the  privileges  and  rights  of  her  citizens. 
Although  to-day  the  wealthiest  country  in  the  world,  we  are  far  from 
being  in  a  ''touch  me-if-you-dare  "  condition;  this  would  require  time, 
and  years  ago  General  Benet  tersely  said  :  "  In  the  modern  quick  and 
decisive  settlement  of  differences  by  the  arbitrament  of  arms,  there  is 
not  time  for  preparation  after  the  declaration  of  war;  and  a  nation  may 
sink  beneath  the  powerful  blows  of  a  well-armed  adversary  in  less  time 
than  it  takes  to  make  a  single  gun." 

"  It  is  most  meet  we  arm  us  'gainst  the  foe; 
For  peace  itself  should  not  so  dull  a  kingdom 
(Though  war,  nor  no  known  quarrel,  were  in  question) 
But  that  defenses,  musters,  preparations. 
Should  be  maintained,  assembled  and  collected, 
As  were  a  war  in  expectation." 

Granting  the  need  of  heavy  guns,  the  natural  question  is — why 
haven't  we  them  ?  The  answer  may  be  given  in  bank  phraseology — no 
funds.  This  want  of  the  sinews  of  war  has  borne  baneful  fruit;  it  has 
resulted,  objectively,  in  our  present  defenseless  condition;  subjectively, 
in  making  us  imitators,  by  depriving  us  of  the  opportunity  of  exercising 
our  inventive  faculties. 

Those  professionally  interested  in  the  problem,  lacking  home  chances, 
have  admiringly  absorbed  European  methods,  until,  to-day,  everything 
stamped  with  an  English  or  French  imprimatur  is  of  itself  acceptable 
to^us.  This  mental  phase  has  gone  so  far  that  we  are  in  danger  of  be- 
coming servile;  we  shrink  from  carrying  out  purely  American  ideas, 
unless  they  have  been  examined  and  approved  by  sagacious  foreigners. 
Six  years  ago,  the  Army  and  Navy  Journal,  speaking  editorially  on  the 
subject  of  chambered  guns,  an  old  American  idea  in  a  new  European 
dress,  said:  "It  is  rather  startling  to  see  the  skill  of  one  nation  so  deftly 
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appropriated  by  others,  and  the  first  nation  neither  keeping  the  skill 
within  its  own  territory  nor  apparently  caring  to  keep  pace  with 
modern  progress.  There  need  be  no  foreign  military  attaches  at 
Washington,  because  our  inventors  seem  to  get  away  as  fast  as  possible 
and  sell  everything  valuable  to  foreign  governments. 

Those  familiar  with  the  subject  know,  and  everybody  ought  to  know, 
that  if  the  United  States  Government  wants  these  chambered  guns,  or 
any  better  guns,  it  need  only  appropriate  the  money  and  order  them  of 
existing  American  works.  These  works  could  now  make  100-ton  guns 
if  they  had  the  order.  *****  Let  the  Government  decide  on 
the  guns  which  are  the  best  every  way,  and  find  out  how  to  build  them 
for  the  least  money.  The  decision  need  not  take  long  with  the  materials 
at  hand,  but  if  it  isn't  made  soon  everything  American  will  be  brought 
back  to  us  with  a  foreign  name.  Our  mammoth  powder  will  become 
'pebble,'  and  perforated  cake  be  known  as  'prismatic,'  our  pressure 
gauge  as  a  'crusher  gauge,'  and  the  Hotchkiss  case  shot  be  credited 
to  Col.  Boxer.  Prof.  Tread  well's  system  of  gun  construction  of  1840  is 
known  as  Armstrong's  of  1856;  but  no  one  has  seen  Armstrong's  patent 
for  it.  Krupp  has  appropriated  the  Broadwell  system  bodily,  and  East- 
man's slotted  screw-breech  plug  is  known  as  the  French  breech-loading 
gun.  Mr.  S.  B.  Dean  invented  a  method  of  mandrelling  bronze  guns 
by  which  strength  and  hardness  are  greatly  increased,  and  two  years 
after  his  patents  were  taken  in  Austria,  his  gun  was  brought  there  as 
the  Uchatius  gun,  and  a  vast  achievement.  Their  whole  artillery  is 
armed  with  it.  The  Russian  Government  built  a  great  foundry  at  Perm 
to  carry  out  Rodman's  designs  on  a  large  scale,  and  took  his  powder  and 
his  experience  along.  Mr.  Parsons  has  shown  how  the  strongest  guns 
may  be  made  with  steel  tubes  and  cast-iron  exteriors.  Mr.  Hotchkiss 
has  gone  to  France  and  established  a  large  factory  near  Paris,  where  he 
has  very  extensive  orders,  and  has  become,  in  his  line,  the  main  reliance 
of  the  French  Government. " 

The  latest  example  of  the  effect  of  twenty  years'  stagnation  upon  the 
brightest  minds,  of  the  results  of  enforced  study  rather  than  oppor- 
tune experiment,  is  shown  in  the  report  of  the  Gun  Foundry  Board, 
to  be  examined  later. 

Not  long  ago  we  led  the  world  in  armament.  We  had  Rodman, 
Dahlgren  and  Parrott  ordnance,  Colt's  revolvers,  Gatling  guns,  breech - 
loading  rifles,  and  Ericcson  monitors.     Rodman,  by  a  judicious  admix- 
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ture  of  ores,  a  special  furnace  treatment,  and  a  novel  system  of  casting, 
had  given  the  world  a  new  product — American  gun  iron,  with  a  tensile 
strength  of  nearly  40  000  pounds.  Boston,  Reading  and  Pitts- 
burgh fabricated  25-ton  guns  that  had  no  peers.  At  Cold  Spring 
that  noble  pitriot,  Parrott,  produced  an  effective,  inexpensive  rifle 
that  fell  not  behind  the  best.  At  the  Fort  Pitt  Foundry  100  tons 
of  metal  were  melted,  and  the  monster  1 000-pounder  20 -inch  gun 
was  presented  to  the  world.  Rodnnn  had  made  the  construction  of 
all  heavy  guns  a  possibility  by  his  discovery  of  slow-burning  powder. 
It  is  needless  to  go  into  further  details;  this  is  enough  to  justify  the 
question — what  ought  to  be  done  to  enable  us  to  resume  our  chiefship  in 
ordnance  construction  ?  It  is  proper,  first,  to  consider  the  latest  pro- 
posed official  remedy,  submitted  by  the  President  to  Congress  in  the  fol- 
lowing letter  : 

*'  To  the  Senate  and  House  of  Representatives  : 

I  transmit  herewith  to  the  House  of  Representatives  the  report  of  a 
Board  of  Army  and  Navy  Officers,  appointed  by  me  in  accordance  with 
the  Act  of  Congress  approved  March  3,  1883 — 

For  the  purpose  of  examining  and  reporting  to  Congress  which  of 
the  navy- yards  or  arsenals  owned  by  the  Government  has  the  best  loca- 
tion and  is  best  adapted  for  the  establishment  of  a  Government  foundry, 
or  what  other  method,  if  any,  should  be  adopted  for  the  manufacture  of 
heavy  ordnance  adapted  to  modern  warfare,  for  the  use  of  the  army  and 
navy  of  the  United  States;  the  cost  of  all  buildings,  tools,  and  imple- 
ments necessary  to  be  used  in  the  manufacture  thereof,  including  the  cost 
of  a  steam-hammer  or  apparatus  of  sufficient  size  for  the  manufacture  of 

the  heaviest  guns. 

Chestek  a.  Akthur. 
Executive  Mansion, 

February  18,  1884." 

The  report  of  the  Board  opens  as  follows  : 

"The  Act  of  Congress,  approved  March  3,  1883,  under  which  the 
Gun  Foundry  Board  was  organized,  calls  for  a  report  on  the  following 
points: 

1st.  Which  of  the  navy-yards  or  arsenals  owned  by  the  Government 
has  the  best  location,  and  is  best  adapted  for  the  establishment  of  a 
Government  foundry. 
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2d.  What  other  method,  if  any,  should  be  adopted  for  the  manufac- 
ture of  heavy  ordnance  adapted  to  modern  warfare,  for  the  use  of  the 
army  and  navy  of  the  United  States. 

3d.  The  cost  of  all  buildings,  tools,  and  implements  necessary  to  be 
used  in  the  manufacture  thereof,  including  the  cost  of  a  steam-hammer 
or  apparatus  of  sufficient  size  for  the  manufacture  of  the  heaviest  guns. 

The  first  question  presupposes  the  establishment  of  a  Government 
Gun  Foundry,  properly  so  called,  the  establishment  to  be  under  the  ab- 
solute control  of  the  Government,  and  the  details  of  all  work  to  be 
supervised  and  directed  by  Government  officers. 

The  answer  to  this  question  involves  simply  an  expression  of  opinion 
as  to  the  superior  adaptability,  for  the  purposes  of  a  gun  foundry,  of 
any  navy-yard  or  arsenal  now  owned  by  the  Government. 

The  second  question  imposes  no  limitation,  and  calls  upon  the  Board 
to  suggest  '  any  other  method  '  (apart  from  a  Government  foundry, 
pure  and  simple)  by  which  the  purposes  of  the  Act  of  Congress  can  be 
achieved.  The  Board  is  evidently  called  upon  to  consider  the  subject 
of  joint  action  between  the  Government  and  private  parties  for  the  ac- 
oomplishment  of  a  national  purpose. 

The  Board  decided  that  there  were  three  points  of  view  from  which 
this  subject  should  be  considered,  viz. : 

1st.  That  the  Government  should  supplement  the  plants  of  some 
of  the  steel  workers  of  the  country  with  such  additional  tools  and  im- 
plements as  would  enable  them  to  turn  out  finished  steel  cannon. 

2d.  That  the  Government  should  give  contracts  of  sufficient  magni- 
tude to  enable  the  steel  workers  of  the  country  to  supply  the  finished 
guns  without  its  direct  aid. 

3d.  That  the  Government  should  establish  on  its  own  territory  a  plant 
for  the  fabrication  of  cannon,  and  should  contract  with  private  parties 
to  such  amounts  as  would  enable  them  to  supply  from  the  private  indus- 
tries of  the  country  the  forged  and  tempered  material. 

The  course  of  the  investigation  being  thus  indicated,  the  Board  ad- 
dressed circular  letters  to  several  of  the  steel  manufacturers  in  the  coun- 
try and  to  the  two  companies  employed  in  the  fabrication  of  cannon. 
These  letters  and  the  replies  thereto  will  be  found  in  the  correspondence 
attached  to  the  record  of  proceedings  of  the  Board,  and  copies  are  ap- 
pended to  this  report.  The  replies  were  unsatisfactory,  the  subject 
being  a  new  one  to  the  parties  addressed.      The  expense  to  be  incurred 
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could  not  be  calculated  upon  any  known  basis,  and  the  Board  was  unable 
to  satisfy  the  calls  made  upon  it  for  further  information  as  to  the  number 
of  guns  required,  or  the  probable  extent  and  cost  of  a  plant  for  the 
manufacture  of  such  heavy  guns  as  the  Act  of  Congress  contemplated. 

It  was  evident  that  none  of  the  desired  information  could  be  obtained 
from  our  manufacturers,  because  of  their  lack  of  experience  on  this  sub- 
ject. It  was  known,  too,  that  several  of  the  European  Governments  had 
had  more  or  less  experience  of  joint  action  with  private  artillery  estab- 
lishments. The  call  by  the  Act  of  Congress  for  *  the  cost  of  all  build- 
ings, tools  and  implements  for  the  manufacture  of  the  heaviest  guns  ' 
could  only  be  answered  by  information  and  experience  obtained  from 
abroad,  as  no  such  tools  or  implements  have  been  manufactured  or  are 
in  use  in  the  United  States.  The  steam-hammer  mentioned  in  the  act 
was  recognized  as  a  subject  requiring  careful  consideration.  It  is  coupled 
with  a  qualification  '  or  apparatus  of  sufficient  size,'  which  indicates  that 
there  existed  a  doubt  as  to  the  propriety  of  the  use  of  a  steam-hammer 
for  forging,  if  other  '  apparatus  of  sufficient  size  '  could  be  made  more 
efficient.  The  advances  made  of  late  years  in  the  process  of  forging  by 
compression  made  this  a  very  important  matter  for  consideration.  This 
subject  is  necessarily  connected  with  that  of  the  manufacture  of  the 
metal  to  be  forged,  and  involves  a  study  of  the  recent  developments  in 
steel.  The  actual  condition  of  the  armaments  abroad,  so  far  as  it  illus- 
trates the  latest  ideas,  was  felt  by  the  Board  to  be  an  important  part  of 
the  information  on  which  it  should  report,  as  the  character  of  the  new 
constructions  of  cannon  would  necessarily  control  that  of  the  tools  to  be 
recommended  for  use  in  their  fabrication.  The  foregoing  reasons 
governed  the  Board  in  its  decision  to  represent  the  necessity  of  seeking 
information  abroad.  Orders  were  issued,  and  the  Board  proceeded  to 
Europe."  It  then  gives  its  observations  in  England,  France  and  Russia, 
and  epitomizes  the  question  in  the  United  States  thus  : 

*'  Sources  feom  which  the  Armament  op  the  United  States  is  sup- 
plied. 

Previous  to  and  during  the  civil  war  the  armaments  of  the  United 
States  were  supplied  from — 

The  Cold  Spring  Foundry,  West  Point,  N.  Y. 
The  South  Boston  Iron  Works,  Boston,  Mass. 
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The  Fort  Pitt  Foundry,  Pittsburgh,  Pa. 

The  Keading  Iron  Works,  Reading,  Pa. 

The  Builders'  Iron  Foundry,  Providence,  R.  I. 

The  Phoenix  Iron  Company,  Phcenixville,  Pa. 

The  Ames  Manufacturing  Company,  Chicopee,  Mass. 

Since  the  termination  of  the  war  the  Fort  Pitt  Foundry  has  ceased  to 
exist.  The  South  Boston  Iron  Works  Company  has  manufactured  a  few- 
experimental  guns  and,  with  the  West  Point  Foundry,  has  executed  some 
small  orders  of  the  Government  in  the  conversion  of  cast-iron  smooth- 
bores into  rifle  guns  by  inserting  and  rifling  a  coiled  wrought-iron  tube. 

None  of  the  companies  mentioned  above  have  ever  made  steel  guns, 
and  virtually  the  United  States  is  destitute  of  a  source  from  which  such 
an  armament  as  the  age  demands  can  be  supplied. 

Condition  of  Steel  Manufactuke. 

With  a  view  to  such  experiments  as  their  appropriations  would 
justify,  the  Ordnance  Bureaus  of  the  War  and  Navy  Departments  have, 
from  time  to  time,  addressed  the  steel  manufacturers  of  the  country  on 
the  subject  of  furnishing  steel  for  cannon,  but  thus  far  have  met  with 
only  a  partial  success. 

The  reasons  for  this  will  be  noticed  farther  on  in  this  report,  but  the 
fact  is  here  stated  to  emphasize  the  conclusion  that  the  immense  steel 
works  of  the  United  States,  from  lack  of  demand  for  this  special  material, 
have  not  the  necessary  plant  for  forging,  and  are  in  no  condition  at  pres- 
ent to  manufacture  steel  for  cannon  in  such  quantities  and  in  such  sizes 
as  are  essential  for  a  suitable  armament  for  the  country. 

Pkesent  Condition  of  the  Aktilleey  of  the  United  States. 

To  recite  under  this  heading  the  present  armament  of  the  country  is 
unnecessary.  Before  the  introduction  of  rifled  cannon  and  the  use  of 
steel  as  the  material  for  their  construction,  the  United  States  boasted  of 
her  Dahlgren  and  Rodman  cast-iron  guns,  which  were  the  models  for 
imitation  and  the  standards  for  comparison  of  all  nations. 

While  the  rest  of  the  world  has  advanced  with  the  progress  of  the 
age,  the  artillery  of  the  United  States  has  made  no  step  forwards.  Its 
present  condition  of  inferiority  is  only  the  natural  result  of  such  want  of 
action." 
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The  report  continues  with  an  estimate  of  the  "cost  of  plant  for  the 
manufacture  of  guns,"  and  closes  with  the  following  "General  Sum- 
mary"— conclusions  upon  the  three  main  propositions  considered: 

"The  foregoing  presents  the  chief  points  of  information  that  have 
been  gained  by  the  investigations  of  the  Board. 

As  examples  of  a  practical  partnership  between  a  government  and  a 
private  company  in  working  towards  a  national  object,  the  experiences 
in  England  and  in  Russia  are  very  instructive,  and  warn  against  the 
adoption  of  such  a  system.  In  England,  the  Government,  in  addition  to 
paying,  during  several  years,  very  high  prices  for  articles  delivered,  was 
forced  to  pay  £65  000  to  close  an  agreement;  while  the  company,  besides 
the  profits  on  manufacture,  came  into  possession  of  a  complete  working 
plant  at  a  mere  nominal  valuation. 

In  Russia,  the  Government  finds  itself  involved  with  a  stock  com- 
pany, paying  excessive  prices  for  what  it  receives,  and  discovers  no  way 
of  relief  except  by  buying  up  shares  and  operating  the  establishment  as 
a  Government  foundry. 

As  an  exami^le  of  depending  almost  entirely  on  private  works,  Ger- 
many is  a  perfect  instance.  Tiie  works  of  Mr.  Krupp  are  practically  the 
sole  source  of  supply  of  the  German  artillery.  In  such  a  case  the 
Government  must  be  the  slave  of  the  corporation,  and  subject  to  its 
whims,  caprices  and  conveniences.  It  needs  no  argument  to  show  the 
dependent  condition  of  the  Government  under  such  a  rule  ;  it  might 
prove  a  source  of  the  greatest  embarrassment.  The  Board  is  well  in- 
formed that  some  ten  or  eleven  years  ago  the  artillery  officers  were  very 
restive  under  this  load,  and  were  making  strenuous  efforts  to  be  relieved 
from  it,  but  without  success.  It  is  hardly  to  be  supposed  that  time  has 
quieted  the  feeling  of  dissatisfaction. 

As  an  example  of  depending  alone  on  Government  works,  France  was 
a  perfect  instance  before  the  Franco-German  war.  During  the  period  re- 
ferred to,  the  Government  foundries  were  the  sole  source  of  supply  of 
the  armament  of  the  country;  the  officers  charged  with  the  work  formed 
a  close  corporation;  their  action  was  never  exposed  to  the  public;  their 
ideas  were  never  subjected  to  criticism;  the  ingenuity  and  inventive 
talent  of  the  country  were  ignored  and  resisted,  and  no  precaution  was 
thought  necessary  to  provide  a  supply  in  case  of  need  of  re-armament. 
The  result  is  well  known;  a  great  crisis  came;  the  Government  works 
were  inadequate  to  meet  the  additional  demands  made  upon  them,  and 
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the  patriotic  efforts  of  private  establishments  were  inadequate  to  produce 
all  the  material  that  was  needed.  How  entirely  France  has  now  altered 
her  system  is  shown  in  a  previous  part  of  this  report;  her  present  prac- 
tice is  theoretically  perfect,  and  it  has  proved  to  be  practically  efficient. 
Her  Government  establishments  are  still  retained,  but  as  gun  factories 
simply,  in  which  the  parts  are  machined  and  assembled;  but  for  foundry 
work,  she  depends  upon  the  private  industries  of  the  country,  and  many 
of  these  works  have  found  it  to  their  profit  to  establish  gun  factories, 
which  supplement  the  Government  factories  to  a  great  extent. 

The  conclusions  of  the  Board  on  this  subject  accord  with  the  plain 
teachings  of  these  historical  instances.  It  accepts  the  system  now  pur- 
sued in  France  as  the  proper  standard  for  imitation,  and  recommends 
that,  in  inaugurating  the  manufacture  of  war  material  in  our  own  coun- 
try, a  conformity  as  close  as  circumstances  will  admit  to  the  plans  which 
have  proved  so  successful  in  France  should  be  observed. 

Having  reached  this  conclusion,  the  Board  is  now  prepared  to  dispose 
of  the  propositions  into  which,  as  stated  on  the  seventh  page  of  this  re- 
port, the  second  interrogatory  in  the  Act  of  Congress  was  divided.  The 
fir^t  proposition  was  thus  presented,  viz.  : 

'  That  the  Government  should  supplement  the  plants  of  some  of  the 
steel  workers  of  the  country  with  such  additional  tools  and  implements 
as  would  enable  them  to  turn  out  finished  steel  cannon,' 

The  adoption  of  this  proposition  would  involve  the  Government  in 
the  embarrassments  which  now  exist  in  Russia,  and  which  we  have  seen 
were  so  costly  to  the  English  Government  in  its  partnership  with  the 
Elswick  Ordnance  Company. 

The  Board  does  not  approve  of  such  joint  action. 

The  second  proposition  was  thus  presented,  viz.  : 

'  That  the  Government  should  give  contracts  of  sufficient  magnitude  to 
enable  the  steel  workers  of  the  country  to  supply  the  finished  guns  with- 
out its  direct  aid. ' 

This  proposition,  if  adopted  without  any  qualification,  would  make 
the  Government  dependent  entirely  upon  the  private  industries  of  the 
country,  which  might  combine  to  the  detriment  of  the  public  service. 
The  Government  would  have  no  guard  against  extortion,  and  would  be 
powerless  against  a  combination.  An  actual  instance  of  such  a  combina- 
tion is  cited  in  a  previous  portion  of  this  report  as  having  taken  place  in 
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France,  but  the  independent  position  of  the  Government  made  the  effort 
futile.  , 

The  Board  does  not  approve  of  this  proposition  taken  by  itself. 

The  third  proposition  was  thus  presented,  viz, : 

'  That  the  Government  should  establish  on  its  own  territory  a  plant 
for  the  fabrication  of  cannon,  and  should  contract  with  private  parties  to 
such  amounts  as  would  enable  them  to  supply  from  the  private  indus- 
tries of  the  country  the  forged  and  tempered  material.' 

This  proposition  is  approved  by  the  Board,  and  is  regarded  as  the 
foundation  upon  which  our  system  of  manufacture  should  be  built  up. 
If  this  be  done,  and  the  Government  made  secure  by  the  possession  of 
works  of  its  own,  there  is  every  reason  to  adopt,  in  addition,  the  idea 
embodied  in  the  second  proposition,  in  order  to  supplement  the  Govern- 
ment establishments. 

A  State,  with  any  pretensions  to  military  power,  should  provide  itself 
with  factory  facilities  on  a  sufficient  scale  to  perform  the  work  of  estab- 
lishing standards,  making  experimental  guns  and  fabricating  cannon  on 
a  moderate  scale;  but  it  is  not  considered  judicious  to  concentrate  in  the 
Government  establishments  all  the  work  of  fabrication,  or  to  include 
within  their  operations  the  preparation  of  such  material  as  can  be  pro- 
vided by  the  private  industries  of  the  country.  In  the  case  under  con- 
sideration, the  purchase  of  the  steel  required  for  cannon  will  stimulate 
our  own  manufacturers,  and  interest  them  in  the  operations  of  the 
Government.  The  Board  is  thus  led  to  the  conclusion  that  it  is  not 
advisable  to  embark  in  the  establishment  of  a  gun  foundry,  properly  so 
called,  but  that  it  is  more  judicious  to  establish  gun  factories,  and  to 
purchase  the  material  from  our  manufacturers." 

As  confirming  my  previous  statement,  I  invite  especial  attention  to 
the  following  "  conclusions  "  of  the  Board: 

"It  accepts  the  system  now  pursued  in  France  as  the  proper  stand- 
ard for  imitation,  and  recommends  that,  in  inaugurating  the  manufac- 
ture of  war  material  in  our  own  country,  a  conformity  as  close  as  circum- 
stances will  admit  to  the  plans  which  have  proved  so  successful  in 
France  should  be  observed." 

Certainly,  the  main  conclusions  of  the  Board  can  be  fairly  refuted  by 
our  own  experience,  since  we  did,  thanks  to  the  native  inventive  genius, 
produce  guns  which,  in  the  language  of  the  Board,  "were  the  models 
for  imitation  and  the  standards  for  comparison  of  all  nations." 
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First,  then,  as  to  the  "  conclusion  "  relative  to  the  supplementing  of 
private  plants  by  Government,  Mr.  Charles  Knap,  whose  name  shines  in 
a  galaxy  including  Alger,  Wade,  Bomford,  Dahlgren,  Rodman,  and 
Parrott,  writes,  under  date  of  May  6th,  1884: 

"  My  arrangement  with  the  Government  for  the  fabrication  of  the 
first  gun  of  the  15-inch  class,  and  for  the  first  gun  of  the  20-inch 
class,  was,  that  I  contributed,  free  of  charge,  all  the  then  existing 
facilities  possessed  by  the  Fort  Pitt  Foundry;  that  I  proceeded  to  ac- 
quire such  further  facilities  as  I  deemed  necessary  for  the  work  in  hand; 
that  an  ordnance  officer  should  keep  an  account  of  the  labor  and 
material  expended  in  these  preparations,  and  also  of  the  labor  and 
material  expended  in  the  fabrication  of  each  gun.  The  aggregate 
amount  of  these  actual  outlays  was  to  be  reimbursed  to  me,  and  the 
Government  was  to  own  and  possess  any  portion  of  the  preparations 
which  could  be  removed.  Eventually  I  became  the  owner  of  the  entire 
plant,  by  purchase  at  the  cost  price,  as  exhibited  by  the  statement  of 
the  supervising  officer." 

Secondly,  as  to  the  "conclusion  "  relative  to  the  giving  of  contracts 
to  private  manufacturers.  Our  war,  than  which  no  better  opportunity 
for  the  manifestation  of  the  cupidity  dreaded  by  the  Board — a  spook  of 
its  own  creation — can  be  imagined,  demonstrates  the  narrowness  of  its 
judgment  of  the  calibre  of  our  people.  We  were  involved  in  the 
greatest  conflict  of  the  age,  had  immediate  and  constant  need  of 
patented  ordnance  fabrications,  and  yet  no  instance  can  be  cited 
where  the  Government  was  compelled  to  "guard  against  extortion," 
or  was  subjected  to  the  "whims,  caprices,  and  conveniences"  of  a 
corporation.  We  had,  during  the  war,  three  great  gun  plants— the 
South  Boston,  West  Point,  and  Fort  Pitt  foundries.  Listen  to  their 
record  during  the  struggle: 

Metcalf,  now  one  of  our  leading  steel  authorities,  then  at  Fort 
Pitt  foundry,  of  whom  Mr.  Knap  writes,  "if  you  have  exhausted 
Mr.  William  Metcalf's  recollections,  you  must  be  pretty  well  loaded, 
for  he  was  an  ambitious  and  attentive  witness  of  all  that  went  on 
at  the  foundry,"  says:  "  In  regard  to  regulating  the  price  [to  be  paid  by 
Government  for  guns] ,  I  remember  distinctly  how  it  was  done  during 
the  war,  when  prices  were  rising  so  rapidly.  The  Ordnance  Depart- 
ment several  times  sent  commissions  of  officers  to  the  foundries;  when 
they  came  to  Fort  Pitt  they  were  referred  to   me.     I  gave  them  the 
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books  and  showed  them  the  contract  prices  for  iron,  fuel,  and  supplies; 
the  wages  lists  and  other  items  of  expense  ;  from  these  we  made  up  the 
cost  of  guns  and  projectiles,  added  20  per  cent,  for  contingencies  and 
profit,  and  so  fixed  the  prices.  I  do  not  know  how  the  Government 
could  get  any  more  reasonable  basis  than  this  ;  we  certainly  made  good 
guns,  and  as  cheap  as  Government  could  have  done  it." 

Of  Parrott,  let  the  West  Point  necrology  speak:  ''Long  and  careful 
study  of  the  subject  of  ordnance,  to  which  he  had  given  especial  atten- 
tion when  in  the  army,  had  enabled  his  natural  genius  to  invent,  and 
prolonged  and  costly  experiments  to  perfect,  a  system  of  rifled  cannon 
and  projectiles,  so  simple,  effective  and  inexpensive  that  from  the  first 
commencement  of  hostilities  it  was  adopted  by  the  United  States  Govern- 
ment for  the  use  of  its  armies  and  navies.  At  the  first  battle  of  Bull  Run 
the  guns  called  by  his  name  hurled  their  unerring  missiles  at  his  coun- 
try's foes,  and  at  every  succeeding  engagement  on  land  or  water  during 
the  continuance  of  the  stupendous  war  the  '  Parrott '  cannon  thundered 
and  the  '  Parrott '  shell  flew  screaming  on  their  destructive  course, 
doing  their  steady  duty  in  honorable  representation  of  their  inventor, 
who  thus  regretted  that  he  was  unable  to  be  in  the  field  to  do  it  in  per- 
son: 'If  I  were  a  younger  man  (he  said)  I  should  return  to  the  army 
and  do  what  I  could  to  aid  my  country  there;  but  at  my  age,  and  in  my 
position,  I  am  denied  the  opportunity  of  helping  the  Government  in 
that  way.  But  in  this  way  I  can  be  of  use,  and  I  intend  that  these  guns 
shall  cost  the  United  States  no  more  than  is  absolutely  necessary.'  This 
remark  was  called  forth  by  the  remonstrance  made  to  him  that  the 
prices  he  had  fixed  for  his  cannon,  &c.,  were  unnecessarily  low;  that  he 
would  receive  no  credit  from  any  one  for  his  moderation;  that  the  Gov- 
ernment must  purchase  all  that  he  could  manufacture  on  his  own  terms 
(as  was  indeed  the  case),  and  that  here  was  the  opportunity,  which  could 
never  occur  again,  to  acquire  enormous  wealth.  Smiling  in  the  quiet 
way  habitual  to  him,  he  replied  that  he  had  no  desire  to  possess  extra- 
ordinary riches,  and  that  he  would  rather  not  acquire  them  in  that  way; 
and  then,  with  earnest  seriousness,  he  spoke  as  has  been  quoted.  As  he 
had  spoken,  so  he  did."  I  avail  myself  of  this  opportunity  to  quote  a 
tribute  to  this  manufacturer  of  patent  guns  and  projectiles  in  war  times 
from  one  who  knew  him  well,  and  who  writes  May  5th,  1884: :  "He  could, 
without  doubt,  have  made  three  times  as  much  money,  as  he  had  the 
monopoly  of  rifled  guns  and  projectiles,  and  it  was  only  the  immense 
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amount  of  business  that  enabled  him  to  make  a  very  moderate  profit. 
He  was  the  most  patriotic,  disinterested  man  I  have  ever  known,  yet  he 
never  received  the  slightest  expression  of  appreciation  of  his  conduct 
from  the  Government  or  the  public,  and  he  carried  his  generosity  to  his 
country  much  farther  than  he  should  have  done,  in  view  of  the  interests  of 
his  associates  and  relatives,  as  well  as  those  of  the  West  Point  Foundry.'^ 

*' The  South  Boston  Iron  Company,"  writes  one  who  has  been  inti- 
mately associated  with  it  for  many  years,  "  filled  large  orders  for  heavy 
guns  at  prices  based  upon  iron  at  40  dollars  per  ton,  when  the  pig  iron 
would  have  sold  in  the  market  at  a  much  higher  price,  even  going  as 
high  as  110  dollars  per  ton  at  one  time,  and  at  no  time  did  the  Govern- 
ment pay  higher  than  60  dollars  per  ton."  Twelve  years  after  the  war, 
this  company  received  from  the  Chief  of  Ordnance,  with  the  cordial  con- 
currence of  the  Secretary  of  War,  the  following  *'  character: " 

**  The  South  Boston  Iron  Company,  at  first  Cyrus  Alger,  and  later 
Cyrus  Alger  &  Company,  has  done  work  for  this  Department,  manufac- 
turing heavy  and  light  guns  and  projectiles,  at  various  times  since  the 
year  1828,  and,  it  is  believed,  always  to  the  entire  satisfaction  of  the 
Government.  Within  the  last  fifteen  years  the  firm  has  delivered,  among 
other  deliveries,  272  Rodman  guns,  of  which  103  were  15-inch,  weighing 
about  50  000  pounds  each.  The  iron  the  firm  uses  in  its  manufactures  is 
known  to  be  of  the  best  for  gun  construction;  and  the  perfection  of  the 
finished   products   has   always   received    the    highest    commendation." 

Thirdly,  as  to  the  '*  conclusion  "  relative  to  the  Government's  estab- 
lishing, on  its  own  territory,  a  plant  for  the  fabrication  of  cannon,  and  its 
contracting  with  private  parties  for  what  may  be  called  the  raw  material. 
There  is  no  need  of  discussing  this  *'  conclusion,"  as  it  is  based  upon  the 
Board's  disbelief  in  the  efficacy  and  reliability  of  the  two  other  methods 
considered — disproved,  as  I  have  shown,  by  American  precedents. 

I  have  given  in  brief  our  own  experience.  I  will  cite,  in  further  refu- 
tation of  the  second  conclusion,  the  experience  of  Germany,  whose  ord- 
nance condition  should  be,  from  the  Board's  view-point,  as  deplorable 
as  our  own.  The  Board  says:  "  As  an  example  of  depending  almost  en- 
tirely on  private  works,  Germany  is  a  perfect  instance.  The  works  of 
Mr.  Krupp  are  practically  the  sole  source  of  supply  of  the  German  artil- 
lery. In  such  a  case,  the  Government  must  be  the  slave  of  the  corpora- 
tion, and  subject  to  its  whims,  caprices  and  conveniences.  It  needs 
no  argument  to  show  the  dependent  condition  of  the  Government  under 
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such  a  rule;  it  might  prove  a  source  of  the  greatest  embarrassment. 
The  Board  is  well  informed  that  some  ten  or  eleven  years  ago  the  artil- 
lery officers  were  very  restive  under  this  load,  and  were  making  strenu- 
ous efforts  to  be  relieved  from  it,  but  without  success .  It  is  hardly  to 
be  supposed  that  time  has  quieted  the  feeling  of  dissatisfaction."  Mr.  J. 
S.  Potter,  our  consul  at  Crefeld,  who  recently  visited  Essen,  reports  to 
the  Secretary  of  State  (see  United  States  Consular  Reports,  No.  38, 
February,  1884  :) 

' '  GOVERNMENT    ORDNANCE   ESTABLISHMENT   AND   PRIVATE   ENTERPRISE. 

Mr.  Krupp's  is  the  largest  gun  foundry  in  the  world,  being  much 
more  extensive  and  complete  than  the  Government  establishment  of 
England,  at  Woolwich.  It  is  able  to  complete  each  year  from  3  000  to 
4  000  field  and  mountain  guns,  500  siege,  fortress,  naval,  and  coast  guns, 
of  light  calibre,  and  100  heavy  naval  and  coast  guns. 

The  full  productive  capacity  of  Krupp's  establishment  is  never 
placed  at  the  disposal  of  any  one  state  or  government,  as  large  under- 
takings for  governments  in  different  parts  of  the  world  are  always  in 
process  of  execution.  It  is  by  reason  of  this  condition  that  Krupp's 
establishment  has  reached  its  present  enormous  proportions,  and  is 
yearly  increasing. 

An  establishment  for  the  manufacture  of  ordnance  which  is  main- 
tained and  operated  by  a  State  for  its  sole  use,  will  sometimes  be  fully 
occupied,  and  at  other  times  have  very  little  to  do.  The  sources  for  a 
profitable  or  paying  existence  would  in  such  case  be  wanting,  unless 
articles  for  peaceable  purposes  and  the  open  market  were  manufactured. 
The  Imperial  Government  of  Germany,  which  has  completely  mastered 
the  science  of  economy  in  governmental  matters,  and  whose  ordnance 
department  and  equipments  for  war  are  the  most  advanced  and  perfect 
in  the  world,  does  not  maintain  a  national  manufactory  for  the  produc- 
tion of  cast-steel  ordnance.  The  Government  prefers  to  purchase  war 
materials  of  this  description  from  Mr.  Krupp,  or  other  private  manufac- 
turers. To  keep  such  an  establishment  occupied,  the  State  would,  in 
times  of  peace,  produce  beyond  its  needs,  and  the  products  of  many 
years  of  manufacture  would  accumulate.  And  it  is  not  forgotten  that 
the  ideas  which  generally  govern  such  national  establishments  are  those 
of  engineers  who  move  in  official  ruts,  and  that  when  war  does  come 
the  accumulated  ordnance  would  most  likely  be  found  deficient  in  the 


MICHAELIS   ON"   HEAVY    GUNS.  229 

modifications  and  improvements  which  had  in  the  meantime  been  intro- 
duced by  the  unfettered  and  more  enterprising  ingenuity  of  private 
manufacturers. 

Germany,  therefore,  regards  it  as  to  her  advantage  to  patronize 
Krupp,  and  to  see  that  no  obstacles  are  allowed  to  exist  which  will  in 
any  way  interfere  with  his  engagements  with  other  nations.  In  this 
way  there  is  maintained  within  the  jurisdiction  of  the  empire,  and  with- 
out cost  to  the  state,  the  largest  and  most  progressive  establishment  in 
the  world  for  the  manufacture  of  war  material,  and  which  has  a  force 
always  large  enough  to  meet  any  demands  which  the  Government  can 
make  upon  it  in  time  of  need. 

Even  at  the  private  establishment  of  Krupp,  which  is  doing  business 
for  nearly  all  the  states  of  the  world,  the  orders  in  hand  for  war  material 
are  not  always  in  proportion  to  the  power  of  production.  But  he  pro- 
vides against  fluctuations  in  the  character  and  number  of  the  force  he 
employs  by  manufacturing  'peace  materials,'  such  as  railway  plant, 
wheels,  locomotive  tires,  shafts,  and  other  heavy  parts  of  machinery  for 
steapaships,  also  bridges,  &c. ;  so  that,  in  the  event  of  a  lull  in  the  de- 
mand for  war  material,  he  has  steady  occupation  for  the  trained  force  of 
workmen  attached  to  his  works." 

The  plan  proposed  by  the  Board  of  Government  gun  factories  would 
be  open  to  the  same  objections  which  it  advances  against  dependence 
upon  private  enterprise.  The  appearance  of  its  phantom  is  but  post- 
poned. The  steel  manufacturers  (there  would  be  but  few  plants  able  to 
supply  the  enormous  ingots  required)  could  as  easily  combine  as  the 
gun  makers.  The  Board  says:  "  It  would  not  be  necessary  for  the  Gov- 
ernment to  be  associated  with  a  large  number  of  firms  for  the  supply  of 
its  material,  for  it  is  probable  that  the  private  establishments  that  would 
take  up  the  subject  would  only  be  those  with  large  available  funds,  which 
they  would  be  willing  to  put  in  a  special  plant,  and  for  remuneration  on 
which  they  would  be  willing  to  wait  a  reasonable  time."  He  little  knows 
the  temper  of  our  people,  who  would  seriously  suggest  that  in  the  event 
of  such  a  combination  we  could  import  ouv  steel.  A  Congress  that  en- 
acted that  the  American  flag  should  be  made  of  American  bunting,  would 
not  hesitate  to  direct  that  American  guns  should  be  made  of  American 
metal. 

The  Board  appears  to  have  been  particularly  impressed  with 
General  Dard's  marine  gun  factory  at  Ruelle,  of  which  it  reports  : 
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*'  At  the  *  Fonderie  a  Kuelle '  all  the  constructive  force  of  the  rDarine 
artillery  has  been  concentrated,  and  here  all  the  largest  guns  are  made. 
It  contains  the  most  remarkable  collection  of  tools  of  the  age.  They 
are  designed  for  guns  of  34  centimeters  and  upwards,  and  have  a  capacity 
for  handling  guns  of  160  tons  in  weight  and  60  feet  in  length.  The  shop 
in  which  these  tools  are  placed  is  about  450  feet  in  length  and  131  feet 
in  width,  having  a  height  of  85  feet  at  the  central  peak  of  the  roof.  At 
one  end  is  the  tubage  pit,  in  which  the  gun  tube  is  placed  upright  to 
receive  the  hoops.  The  bottom  of  this  pit  is  at  a  depth  of  85  feet  below 
the  floor.  It  is  excavated  in  a  rectangular  form,  and  is  divided  into  four 
stories,  contracting  in  area  as  the  lower  level  is  reached;  at  each  story  or 
landing-place,  the  opening  can  be  floored  over  to  accommodate  the  work 
of  hooping  any  length  of  tube.  The  heating  furnaces  are  on  the  first 
story  below  the  floor.  The  tools  already  in  place  are  the  following,  but 
there  is  room  for  fully  a  dozen  more  of  a  similar  character  : 

Two  turning  lathes,  capable  of  turning  guns  15  meters  long.  These 
can  be  increased  in  length  10  meters. 

Three  boring  machines  for  same. 

One  rifling  machine  for  same. 

Two  smaller  boring  machines,  with  adjustable  connections  for  turning. 

Two  other  machines  for  performing  all  the  details  of  the  work  about 
the  breech,  for  receiving  the  fermeture,  turning  the  screw,  slotting, 
piercing  holes,  &c. 

Two  movable  cranes,  one  of  100  tons,  the  other  of  30  tons  capacity." 

The  South  Boston  Iron  Company  have  two  150-ton  lathes,  each  capa- 
ble of  turning  guns  60  feet  in  length,  and  a  dozen  of  somewhat  smaller 
capacity;  they  can  to-day  turn  out  more  heavy  guns  in  a  given  time  than 
can  the  Ruelle  works.  (The  main  resources  of  the  West  Point  Foundry 
and  the  South  Boston  Iron  Company  are  given  in  the  Appendix.) 

I  have  regretfully  come  to  the  conclusion  that  the  report  of  the 
Foundry  Board  holds  out  little  hope,  even  if  its  views  be  carried  out,  of 
enabling  us  to  regain  our  superiority;  and  this,  I  think,  is  due  to  the  fact 
that  it  appears  to  have  confined  its  attention  exclusively  to  the  built-up 
forged  steel  gun — an  impracticable  construction  here  for  years  to  come, 
a  construction  uncertain  if  practicable,  unnecessary  if  certain  and 
practicable. 

A  critic,  to  be  consistent,  must  suggest  a  proper  remedy.  What,  then, 
should  be  done  to  restore  to  us  our  ordnance  position  among  nations  ?  It  is 
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very  certain  that,  whatever  new  and  adequate  constructions  may  be  under- 
taken, years  must  elapse  before  they  can  be  produced  in  numbers  suffi- 
cient for  our  wants.  We  have  an  enormous  seaboard  to  arm.  Fortunately, 
Duilios  are  few  in  number,  and  attacking  fleets  must  be  made  up  in  great 
part  of  vessels  vulnerable  by  what  may  be  called  second-class  guns.  Our 
first  effort  should  be  directed  to  the  utilization,  in  the  light  of  the  best 
modern  experience,  of  the  means  at  hand.  We  still  retain  the  art  of 
making  the  finest  cast-iron  guns  in  the  world,  and  there  are  still  those 
who  believe  that  their  usefulness  is  not  entirely  gone.  Twelve  years 
ago,  I  addressed  to  the  Board  on  Heavy  Rifled  Ordnance,  instituted  under 
the  Act  of  June  6th,  1872,  a  letter  which  closed  as  follows  :  **  It  seems 
to  me  that  it  would  be  worth  while,  provided  cast-iron  is  not  entirely 
superseded  as  material  for  the  construction  of  rifled  ordnance,  to  con- 
struct a  gun  on  the  Swedish  plan,  ringed  or  '  fretted'  with  Krupp,  Besse- 
mer or  other  steel,  or  perhaps  with  the  homogeneous  metal  obtained  by 
the  Martin-Siemens  process."  All  our  magnificent  smooth  bores  can  be 
converted  into  very  eflective  rifles  by  the  adoption  of  this  plan.  The 
West  Point  and  South  Boston  foundries,  to  whom  Governmeiit  owes  a 
great  debt  of  gratitude,  could  thus  be  profitably  employed  for  years. 

These  guns  would,  however,  be  at  best  but  acceptable  makeshifts.  We 
must  take  immediate  steps  for  the  creation  of  the  great  American  gun 
of  the  future.  Of  what  shall  it  be  made,  and  how  ?  Open-hearth  steel, 
hollow- cast,  cooled  and  annealed  from  the  interior.  The  lamented  Holley, 
who  had  no  peer  as  a  modern  steel  expert,  writes,  in  1878,  as  follows  : 

*'  The  most  remarkable  of  the  several  revolutionary  developments  of 
the  steel  manufacture  during  the  last  few  years  is  undoubtedly  the  pro- 
duction, at  Terre-Noire,  in  France,  of  solid  castings,  without  blow-holes, 
in  malleable  steel — castings  which,  after  no  other  treatment  than  anneal- 
ing, have  the  strength,  specific  gravity  and  physical  qualities  generally 
of  forged  steel.  The  harder  variety,  in  the  shape  of  shells,  goes  without 
breaking  through  armor  plates  which  injure  chilled-iron  shells,  and  even 
hammered  steel  shells,  in  a  greater  degree,  and  the  softer  varieties  bend 
double  cold  and  stretch  25  per  cent,  and  more  in  tension,  like  rolled 
steel  boiler  plates.  ******  The  Sheffield  and  Krupp 
castings  are  melted  in  crucibles  ;  they  are  very  hard,  and  in  spite  of  the 
long  annealing  they  usually  undergo,  they  show  but  little  ductility  and 
toughness.  The  Terre-Noire  metal,  on  the  other  hand,  is  produced  cheaply 
in  the  Siemens  furnace,  and  possesses,  in  the  cast  state,  all  the  necessary 
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qualities  for  industrial  and  structural  purposes.  It  is  soft  and  malleable, 
and  as  strong  as  ordinary  steel  of  the  same  grade  is  after  rolling  or  ham- 
mering, and,  strange  to  say,  its  density  is  always  as  high  and  sometimes 
higher  than  that  of  ordinary  forged  steel.  These  statements,  startling  as 
they  may  be,  are  supported  by  facts  developed  in  numerous  experiments 
made  by  the  Terre-Noire  engineers  in  developing  the  manufacture,  and 
by  the  French  Government  in  testing  it." 

Lieutenant  E.  W.  Very,  U.  S.  N.,  in  his  prize  essay  on  *'The  Devel- 
opment of  Armor  for  Naval  Use,"  writes,  in  1883,  of  the  Terre-Noire 
process  : 

*'This  method  has  for  its  main  object  the  elimination  of  blow-holes, 
and  it  accomplishes  it  in  a  manner  which  certainly  appears  more  rational 
than  the  Whitworth  process,  in  that  it  aims  to  prevent  the  formation  of 
gas  in  the  metal  by  the  use  of  silicide  of  manganese.  The  silicon  pre- 
vents blow-holes  by  decomposing  the  oxide  of  carbon,  which  is  in  disso- 
lution and  tends  to  escape  during  solidification.  The  manganese  reduces 
the  oxide  of  iron  and  prevents  a  further  production  of  gases  by  the  re- 
action of  the  oxide  on  the  carbon.  In  the  decomposition  of  oxide  of 
carbon  by  silicon,  silica  was  produced,  and  afterwards  a  silicate  of  iron, 
which  remained  in  the  steel,  interposed  between  the  molecules  pre- 
venting cohesion,  which  would  be  as  bad  for  the  metal  as  the  blow-holes 
themselves;  but  the  manganese  allowed  the  formation  of  a  silicate  of  iron 
and  manganese,  which  is  more  fusible,  and  passes  into  the  slag  which 
floats  on  the  metal.     In  this  way  the  metal  is  not  altered. 

Euverte's  conclusions  from  results  obtained  at  Terre-Noire  are  stated 
as  follows  :  1st.  Steel  derives  the  whole  of  its  physical  properties  from 
its  chemical  composition  and  molecular  state.  2d.  Mechanical  opera- 
tions, such  as  forging  and  rolling,  are  not  necessary  to  the  production  of 
the  best  results  as  to  quality,  and  steel  which  has  been  cast  without 
blow-holes  in  a  suitable  manner  and  reheated  and  tempered  in  the  right 
way  attains  a  perfectly  satisfactory  molecular  state,  which  makes  it  appli- 
cable for  all  purposes.  This  may  seem  paradoxical  at  first  sight,  but 
numberless  experiments  have  given  results  which  seemed  to  be  guided  by 
an  immutable  law." 

Mr.  E.  B.  Dorsey,  M.  Am.  Soc.  C.  E.,  has  been  kind  enough  to 
write  out  for  me  his  observations  on  the  latest  open-hearth  practice  : 

"What  is  known  commercially  as  open-hearth  steel  is  made  by  the 
Siemens-Martin  process  in  a  reverberatory  furnace  heated  by  gas  made  in 
the  usual  Siemens  regenerative  furnace. 
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The  following  is  the  process  adopted  by  one  of  the  largest  works 
in  the  world  : 

For  example,  suppose  the  furnace  to  have  15  tons  capacity,  it  is 
charged  somewhat  as  follows,  the  quantities  varying  with  the  chemical 
composition  of  each  ingredient : 

10  tons  of  pig  iron. 

2  J     "     *'  scrap  steel. 

After  this  is  thoroughly  melted,  add  from  1  to  2  tons  of  pure 
hematite  ore;  the  oxide  of  this,  uniting  with  the  carbon  of  the  cast-iron, 
causes  active  ebullition,  or  boiling ;  when  this  subsides  a  specimen  is 
taken  and  tried  physically;  if  this  comes  up  to  the  requirements  it  is 
tested  chemically;  if  this  is  correct  the  charge  is  run  off  into  ingots; 
samples  being  taken  at  the  beginning,  middle  and  end  of  each  run.  If 
the  tests,  physical  or  chemical,  are  not  up  to  the  requirements,  more  in- 
gredients are  added.  If  it  has  too  much  carbon,  too  great  tensile 
strength  or  too  little  ductility,  hematite  ore  is  added  ;  if  it  has  too  little 
carbon,  too  little  strength  or  too  much  ductility,  more  pig  iron  is  added. 
After  each  addition  it  is  tested,  and  when  correct  is  run  off  as  above. 

The  great  advantage  of  this  system  over  the  Bessemer  is  that  there 
is  plenty  of  time  to  make  the  chemical  and  physical  tests,  and  correct 
every  imperfection,  before  the  charge  is  run  off. 

As  the  chemical  composition  of  each  ingredient  is  known,  by  using 
similar  or  proportionate  quantities,  it  is  easy  to  get  perfectly  uniform 
charges  in  composition  and  character  in  any  given  number  of  charges. 

The  perfect  uniformity  in  composition  and  character  of  this  steel 
makes  it  so  desirable  for  structural  purposes." 

The  special  adaptability  of  this  metal  to  gun  construction  lies  in  the 
fact  of  there  being  "  plenty  of  time  to  make  the  chemical  and  physical 
tests,  and  correct  every  imperfection,  before  the  charge  is  run  off." 
Holley,  whose  ''Ordnance  and  Armor"  is  classic,  prophesies  of  this 
metal  : 

"It  should  appear,  judging  from  the  general  character  of  this  steel  as 
shown  in  the  final  table,  added  to  the  results  of  this  gun  experiment — 
which  is  but  one  experiment,  and  hence  may  not  be  considered  conclu- 
sive— that  the  American  system  of  cheap  ordnance — cheap  because  it  is 
cast — is  to  be  successfully  realized.  If  so,  it  will  follow  that  the  criti- 
cism upon  the  standard  American  gun,  that  it  is  comparatively  worthless 
because  it  is  cast  iron,  will  be  reversed.  We  can  hardly  conceive  a  fact  of 
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greater  magnitude — from  a  defensive  point  of  view — than  this:  that  while 
the  United  States  has  at  this  moment  not  a  single  standard  type  of  naval 
gun,  or  gun  of  position,  that  is  comparable  in  efficiency  with  the  guns  of 
foreign  states,  it  has,  by  means  of  the  good  policy  of  its  Ordnance  Depart- 
ment, studied  the  results  of  foreign  experiments  and  avoided  the  enormous 
cost  of  original  investigations;  and  that  this  policy  must  now  be  rewarded 
by  the  establishment  of  the  cheap  cast  gun,  the  metal  to  be,  not  crude 
iron,  but  steel  having  throe  or  four  times  the  strength,  as  made  accord- 
ing to  the  specification  detailed  in  the  foregoing  pages.  And  although 
we  have  good  field  guns,  the  sound-casting  system  will  be  equally  appli- 
cable for  this  purpose  also,  in  view  of  its  economy. 

The  protection  of  the  whole  coast  of  the  United  States  (greater  than 
that  of  any  other  power)  and  its  entire  interior  defenses,  heretofore 
quite  inadequate  as  compared  with  the  protection  which  steel  ordnance 
provides  for  other  countries — this  whole  problem  may  now  be  solved  by 
the  perfection  of  the  art  of  solid-steel  casting,  if,  indeed,  this  art  does 
not  raise  the  standard  while  it  largely  reduces  the  cost  of  armament. 

Iq  1865  the  cost  of  heavy  guns  was  as  follows  : 

Cents  per  pound . 

Armstrong 10.5-inch  wrought-iron  hoop  gun 33.6 

Krnpp 15-inch  solid  steel  gun 87 . 5 

Blakely 10-inch  steel  tube,  hooped  with  steel 78 . 5 

Whitworth 7-inch         "                "                *'         62.5 

Parrott 10-inch  cast-iron,  hooped  with  wrought-iron. ...  17.0 

Hodman 10-inch  cast-iron 9 .  75 

"       15-inch         **        13.2 

The  present  cost  of  guns  is  largely  reduced,  but  the  above  relative 
costs  will  hold  good,  and  they  show  the  very  notable  comparative  cheap- 
ness of  the  cast  gun.  The  exact  cost  of  solid  cast-steel  guns  cannot  yet 
be  exactly  estimated,  but  it  is  certain  that  it  will  not  exceed  one-third  the 
cost  of  hammered-steel  guns. 

With  reference  to  general  machinery,  it  must  be  obvious  that  a 
metal  simply  cast  into  usable  form,  and  having  the  range  of  tensile 
strength  from  50  to  30  tons  per  square  inch  and  the  corresponding 
elongation  of  7  to  28  per  cent.,  is  destined  to  replace  not  only  iron  cast- 
ings, but  iron  and  steel  forgings,  which  are  several  times  more  costly  and 
no  stronger. 
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The  hammering  of  a  large  mass  of  steel — for  instance,  a  40-ton  ingot 
for  a  gun  or  a  marine  shaft — is  a  very  costly  and  hazardous  undertaking. 
There  are  but  few,  if  any,  hammers  in  the  world  which  can  condense  such 
a  mass  to  the  core.  The  hammer  and  the  special  tools  are  enormously 
expensive;  the  new  60-ton  hammer  plant  at  Creusot  will  have  cost  half  a 
million  dollars.  The  heating — several  days  for  a  single  heat — and  the 
loss  by  oxidization,  and  the  wasters  due  to  cracking  from  inadequate  or 
over  heating,  are  important  elements  of  cost.  Forging  under  the 
heaviest  hammers  reaches  only  the  parts  in  the  immediate  vicinity  of 
the  impact ;  the  piece  is  therefore  subjected  to  a  series  of  internal 
strains,  due  to  the  difference  in  the  molecular  arrangement  of  adja- 
cent parts.  Even  in  the  finished  piece  the  same  difference  in  molecular 
structure  exists.  Each  part  does  not  receive  exactly  the  same  reduction, 
and  crystallization  is  not  equally  changed  throughout  the  mass.  It  is 
thus  left  to  internal  strains  which  may  cause  ruptures  when  and  where 
least  expected. 

The  casting  of  a  piece  which  has  the  desired  shape,  and  requires  no 
reheating  beyond  a  slow  annealing,  is  so  great  a  progress  that  it  must  be 
obvious  to  all  practical  men,  especially  when  it  is  considered  that  the 
product  possesses,  in  every  part  of  its  homogeneous  mass,  all  the  physi- 
cal qualities  of  forged  steel." 

Already  ordinary  castings  in  this  country  have  a  tensile  strength  of 
over  60  000  pounds,  and  there  is  not  the  slightest  doubt  that  with  careful 
manipulation  and  special  methods  of  casting,  possibly  under  compres- 
sion, this  maybe  doubled.  A  member  of  our  Society,  who  has  recently 
visited  Terrenoire,  states  that  we  have  open-hearth  plants  fully  equal  if 
not  superior  to  the  French  establishment. 

The  growth  of  the  industry  in  this  country  is  shown  by  the  follow- 
ing recapitulation  of  the  net  tons  of  open-hearth  steel  ingots  produced 
in  the  decade  1873-1882,  furnished  by  Mr.  James  M.  Swank,  Secretary 
of  the  American  Iron  and  Steel  Association  : 


373. 

1874. 

1875. 

1876. 

1877. 

1878. 

1879. 

1880. 

1881. 

1882. 

500 

7  000 

9  050 

21490 

25  031 

36  126 

56  290 

112  953 

146  946 

160  542 

Preparations  are  now  in  progress  for  the  making  and  handling  of 
40ton  castings.  Mr.  S.  T.  Wellman,  Superintendent  of  the  Otis  Iron 
and  Steel  Company,  informs  me  that,  if  his  company  were  assured 
Government  work  for  the  next  ten  years  at  the  rate  of  500  000  dollars 
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annually,  '•  they  would  assume  the  manufacture  of  the  large  guns,  to  be 
cast  by  whatever  method  might  be  thought  best."  He  further  says: 
"  I  am  very  sure  that  we  can  produce  a  metal  good  enough  for  heavy 
guns  without  pressure  ;  but,  with  pressure,  we  could  do  as  well  as  Whit- 
worth,  who  so  far  has  beaten  the  world."  Major  L.  S.  Bent,  Superin- 
tendent of  the  Pennsylvania  Steel  Company,  writes:  "From  our  ex- 
perience with  smaller  work,  I  am  led  to  believe  that  larger  castings,  for 
guns,  could  be  made  with  the  regularity,  and  of  the  solidity  and  strength 
required.  Of  course,  some  time  might  be  required  to  develop  fully  this 
new  feature  in  our  business,  to  overcome  the  difficulties  and  risks  at- 
tending the  handling  of  such  large  masses  of  steel,  and  to  fulfill  all  the 
conditions  required."     I  give  Major  Bent's  letters  in  the  Appendix. 

We  have  thus  the  cumulated  opinions  of  Holley,  Wellman  and  Bent 
upon  the  feasibility  of  using  open-hearth  steel  for  ordnance  construction. 
At  the  St.  Paul  convention  Mr.  William  Metcalf,  M.  Am.  Soc.  C.  E.,  an  ac- 
cepted authority  upon  the  physical  qualities  of  steel,  expressed  to  me  the 
opinion  that  a  powerful  gun,  upon  the  Rodman  plan,  might  be  cast  from 
this  metal.  Since  that  time  I  have  given  attention  to  the  subject,  and 
have  arrived  at  the  conclusion  that  we  have,  without  the  establishment 
of  a  Government  gun  foundry,  a  chance  to  reassume  ordnance  leader- 
ship, by  carrying  out  a  purely  American  idea — casting  from  open- 
hearth  steel  a  Rodman  gun,  annealed  from  the  interior.  I  submit  a 
rough  sketch  of  my  conception,  not  ready  for  immediate  practical  em- 
bodiment, but  to  be  developed  by  hard  study  and  careful  experiment. 
(Plate  XXXII. )  Compared  with  the  calculated  power  of  other  proposed 
12-inch  rifles,  this  model  should  be  able  to  cope  successfully  with  the 
heaviest  iron-clads.  Rodman,  by  brains  and  work,  made  the  most 
powerful  guns  of  the  day  from  cast-iron.  Can  we  not,  by  the  same 
means,  reach  the  same  result  with  this  superior  metal  ? 

How  can  these  latent  capacities  be  brought  to  bear  ?  We  have 
abundance  of  capital,  an  ever-ready  and  growing  plant,  plenty  of  ability, 
but  no  policy.  Fortunately,  under  our  system  of  government,  state 
policy  is  shaped  by  public  opinion,  and  it  is  for  intelligent  thinkers  to 
make  this  felt.  The  course  to  be  pursued  is  simple.  Let  Congress  make 
a  standing  annual  appropriation  of  two  million  dollars,  and  the  problem 
is  solved. 
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Since  the  above  was  written  I  have  ascertained  the  existence  of  the 
following  letter,  in  which  General  Benet  puts  the  question  so  clearly 
and  practically  that  it  cannot  fail  of  convincing  : 

**  Ordnance  Office,  War  Department, 

Washington,  May  8,  1883. 
Commodore  E.  Simpson, 

President  of  Board  on  Foundry,  etc. : 
Sir, — Your  letter  to  the  Honorable  Secretary  of  War,  of  the  1st  inst., 
requesting  '  that  the  Chief  of  Ordnance  may  be  directed  to  communi- 
cate such  views  and  plans  as  may  seem  to  him  best  calculated  to  assist 
the  object  in  view  '—that  is,  the  establishment  of  a  national  foundry 
at  a  navy  yard  or  arsenal,  or  any  other  method  whereby  heavy  ord- 
nance, adapted  to  modern  warfare,  can  be  manufactured — has  been  re- 
ferred to  my  action. 

■X-  •}«•  *  *  * 

3d.  As  to  any  other  method.  *  *  *  The  only  other  method  is  to 
assist  and  encourage  some  private  foundry  in  establishing  the  plant 
necessary  for  such  costly  operations  as  the  manufacture  of  heavy  ord- 
nance. 

4th.  I  take  it  that,  whatever  plan  may  be  adopted,  the  final  object 
to  be  obtained  is  the  production  of  100-ton  guns.  With  this  in  view, 
the  establishment  of  a  national  foundry  will,  ia  the  end,  cost  many 
millions  of  money.  A  private  foundry  may  be  willing  to  co-operate 
with  the  Government,  if  the  latter  will  provide  some  of  the  more  costly 
plant,  such  as  new  furnaces,  steam-hammers,  large  lathes,  cranes, 
etc.,  the  foundry  to  reimburse  the  Government  by  paying  a  certain  per- 
centage on  all  work  performed  with  said  plant  until  the  whole  cost  is 
repaid.  In  the  course  of  time— the  length  depending  on  the  quantity 
of  work  annually  ordered  by  the  United  States— the  United  States 
would  be  entirely  reimbursed  for  the  original  expenditure,  and  the 
foundry  become  self-sustaining.  It  is  believed  that  Congress  would  be 
more  likely  to  approve  of  the  smaller  expenditure  ;  and  the  foundry 
could  supplement  Government  work  by  outside  orders.  Such  a  plan 
would  combine,  in  a  marked  degree,  and  to  the  advantage  of  all  con- 
cerned, private  enterprise  and  activity  with  the  so-called  governmental 
conservatism.  If  some  practical  scheme  of  this  sort  can  be  decided 
upon,  I  believe  it  will  prove  the  best  for  the  early  production  of  heavy 
ordnance.     Provision,  of  course,  should  be  made  for  the  United  States 
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taking  possession  of  the  foundry,  at  any  time,  by  paying  the  appraised 
value. 

*  *  *  *  » 

Respectfully,  your  obedient  servant, 

(Sgd.)  S.  V.  BENfiT, 

Brig. -General,  Chief  of  Ordnance." 

I  have  also  received,  through  the  good  offices  of  Dr.  R.  W.  Ray- 
mond, from  M.  A.  Pourcel,  of  Terre -Noire,  a  copy  of  his  "Notes  on 
the  Manufacture  of  Solid  Steel  Castings,"  read  before  the  Iron  and 
Steel  Institute,  and  which  may  be  found  in  its  journal.  All  interested 
in  the  subject  should  read  this  paper.  From  it  I  learn  that,  in  late 
years,  the  main  studies  at  Terre-Noire  were  directed  to  two  points  : 

1.  The  manufacture  of  large  castings. 

2.  The  methods  of  annealing  and  tempering  to  be  applied  to  the 
metal  in  order  to  give  it  all  the  mechanical  properties  corresponding  to 
its  chemical  condition.     The  conclusions  reached  are  summarized  thus  : 

"  This  brief  account,  written  with  the  diffidence  of  an  author  speak- 
ing of  his  own  work,  if  it  does  not  awaken  the  false  idea  that  the  days  of 
the  steam-hammer  are  numbered,  at  least  affirms  again  the  important 
fact,  that  steel  can  acquire  all  its  mechanical  properties  by  other  means 
than  by  hammering." 

In  the  discussion  that  followed  the  reading,  Mr.  James  Riley,  of  the 
Steel  Company  of  Scotland,  gave  an  account  of  some  special  work  done 
at  Hallside  :  *'  The  heaviest  casting  they  had  made  was  a  gun-carriage 
for  an  eminent  firm,  for  which  they  charged  28  tons  of  steel.  This 
carriage  and  the  two  girders  usel  in  connection  with  it — castings  of 
15  tons  each — had  been  machined  on  nearly  all  their  sides,  and  would, 
he  had  no  doubt,  completely  satisfy  M.  Pourcel  in  the  matter  of  being 
without  blow-holes.  Their  latest  achievement  had  been  the  casting  of 
two  stern  frames  for  use  in  the  construction  of  ships  of  about  2  000 
tons  gross  register.  The  greatest  dimensions  were  27  feet  by  13  feet, 
with  boss  for  propeller  shaft  2  feet  2  inches  diameter.  One  of  them 
was  tested  recently  in  presence  of  members  of  Lloyds'  committee,  and 
gave  great  satisfaction."  The  breaking  strain  of  test  specimen  was 
about  70  000  pounds,  and  the  elongation,  measured  on  8  inches,  14.8 
per  cent.  The  composition  was  o.  0.23,  si.  0.25,  mn.  0.8,  p.  0.04,  and 
s.  0.03. 
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APPENDIX. 

THE    WEST  POINT   FOUNDRY.— THE  SOUTH  BOSTON  IRON 
WORKS.— THE  PENNSYLVANIA  STEEL  COMPANY. 


The  West  Point  Foundey. 

For  general  information,  especially  in  regard  to  the  early  history  and 
"work  of  the  foundry,  reference  is  made  to  American  Inventions,  by 
Charles  B.  Norton,  a  copy  of  which  is  herewith  presented  by  the  West 
Point  Foundry  Association  (the  name  of  the  firm  was  changed  in  1883) . 
The  information  given  in  this  book,  p.  362  et  seq.,  was  obtained 
originally  from  the  founders,  and  may  be  considered  reliable. 

Parrott  rifled  guns,  1861-1865. 
The  following  were  manufactured  : 


10  in. 

Sin. 

100  pdr. 

60  pdr. 

30  pdr. 

20  pdr. 

10  pdr. 

3  in. 

47 

176 

588 

132 

853 

668 

347 

415 

3  226 


with  about  1  600  000  projectiles  (see  p.  363  cit.). 

Year  1866. 

In  this  year  the  firm  had  in  hand  contracts  for  117  10-inch  smooth- 
bore Rodman  guns,  which  contracts,  however,  were  canceled  by  the 
Government,  and  none  of  the  guns  were  completed. 

[This  action  is  believed  to  have  been  taken  pursuant  to  an  act  or 
resolution  of  Congress  stopping  all  ordnance  work,  and  reference  can 
be  made  to  the  proceedings  of  Congress  for  that  year  (1866).] 

From  1866  no  work  of  consequence  was  done  for  the  Government, 
until  the  9-inch  Sutcliffe  gun  was  contracted  for  in  1873. 

Brief  of  principal  manufactures  for  the  War  and  Navy  Departments 
from  1873  to  1883,  inclusive: 
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(( 

60 

(( 

(( 

30 

(( 

(( 

20 

Breech-loading  Rifled  Guns. 
1    9-incli  Sutcliffe  rifle. 

1  11-inch  rifle  converted  from  15-inch  M.  L/s.  b.  Rodman. 
J    g    <<  «<  ((     20  "        '*  ** 

12  Parrott  rifles     "  "100  pdr.  Parrott  M.  L.  rifle. 

1 

1        .     " 
1 

3  3 . 20-inch  chambd.  rifles  converted  from  3-inch  M.  L.  rifle. 

1  3.15     *♦  *'  ♦•  *'    3     "  " 

2  3  **    rifles  "  "3     **  ** 
13          "    Sutclifi'e                 "               "    3     "  **      " 

Converted  Muzzle-loading  Rifled  Guns. 

3  11-inch  rifles,  converted  from  15-in.  Rodman  wrought-iron  tube. 

((  ((  lA      «(  ((  ((  (( 

'*  "  10   "         *♦       steel  tube. 

**  "  10    **  •*        wrought-iron  tube. 

a  a  11    .«    Dalhgren  "  " 

Life-saving  Guns. 

24  3-inch  mortars,  beds  and  implements. 
200  2i    "     smooth-bore  bronze  life-saving  guns,  Lyle  mod.,  1877. 

Wrought-iron  Tubes. 
1  tube  for  11 -inch  B.  L.  rifle. 
5       "      "  11     ''    M.  L.     " 
11       "      *'     8     "    B.L.      " 
107       "      "    8     "    M.  L.     *' 
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Miscellaneous. 

89  wrought-iron  loading  cranes,  2  field  carriages,  1  limber  for  field 
carriage. 

The  present  establishment  comprises  : 

1  pattern  and  carpenter  shop. 

2  forging  and  smith  shops. 

3  iron  moulding  and  casting  foundries. 

4  brass  and  bronze  foundries. 
Finishing  shops. 

Boiler  shop. 

The  forging  and  smith  shops  are  especially  equipped,  as  regards 
ordnance,  for  the  manufacture  of  coiled  wrought-iron  gun  tubes.  The 
principal  accessories  for  this  and  other  work  are  : 

1  heating  furnace  for  bars. 

1  coiling  apparatus,  with  steam  crane  as  an  adjunct. 

2  large  reverberatory  heating  furnaces  for  forgings. 
1  press  furnace  for  welding  tube  sections. 

5  steam  hammers,  from  one  of  8  tons,  single  acting,  to  one  adapted  to 
light  forging,  and  including  one  3  500  pounds,  double  acting. 

Capacity  of  heaviest  crane,  30  tons. 

Iron  Foundry. 

The  principal  accessories  are  : 

1  reverberatory  furnace,  capacity  9  tons. 

2  reverberatory  furnaces,  arranged  especially  for  gun  castings,  with  a 
joint  capacity  of  35  tons. 

2  gun  pits,  20  feet  deep  over  all. 

2  large  cupola  furnaces. 

Capacity  of  heaviest  crane,  40  to  50  tons. 

Brass  Foundry. 

Especially  fitted  at  present  for  the  casting  of  2  J -inch  smooth-bore 
bronze  life-saving  guns,  and  adapted  generally  to  the  casting  of  bronze 
and  brass  pieces  of  smaller  dimensions. 


242  MICHAELIS   ON    HEAVY   GUNS. 

Finishing  Shops. 
The  principal  accessories  for  ordnance  work  are: 
1  lathe,  29  feet  length  with  7  feet  swing. 
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6  boring  beds,  44  inches  swing. 

1  planing  machine,  28  feet  length,  fitting  with  machinery  for  rifling 
heavy  guns. 

7  planing  machines,  from  5  to  13  feet  length. 

1  rifling  machine  for  rifled  guns. 

2  hydraulic  presses,  fitted  for  finishing  exterior  of  cylindrical  portion 
of  heavy  and  field  projectiles. 

Capacity  of  heaviest  crane,  20  tons. 

The  establishment  is  capable  at  present  of  turning  out  100  8-inch 
coiled  wrought-iron  tubes-breech-insertion  per  year,  and  probably  6  000 
8-inch  projectiles,  without  interfering  with  work  to  be  done  for  private 
parties. 


The  South  Boston  Iron  Works. 

Office  of  ) 

The  South  Boston  Iron  Works,      v 

57  Foundry  Street,  Boston,  May  24,  1884.  ) 

Captain  O.  E.  Michaelis,  U.  S.  A., 

Philadelphia  : 

My  Dear  Sir, — I  have  been  rather  embarrassed  in  deciding  just  what 
information  you  wanted,  knowing  that  you  had  been  here  long  enough 
to  know  our  ways  and  means  thoroughly;  but  since  you  ask  definite 
questions,  I  am  very  ready  to  answer. 

Shops. — We  have  four  distinct  machine  shops,  two  blacksmith  shops, 
one  boiler  shop,  two  foundries,  two  pattern  shops,  one  flash  shop,  sand 
house,  &c. 
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Machinery. — We  have  two  lathes,  90  feet  long,  weighing  some  150 
tons  each,  capable  of  finishing  guns  of  60  feet  long  and  up  to  100  tons 
weight;  six  mills  or  lathes  for  finishing  guns  up  to  30  tons  weight;  six 
mills  or  lathes  for  finishing  guns  up  to  10  tons  weight  ;  twenty  lathes 
for  small  work  and  fine  finish;  one  planer  that  will  finish  10  feet  square, 
30  feet  long;  six  planers  of  smaller  capacity. 

Foundry. — We  have  three  reverberatory  furnaces  of  40  tons  capacity 
each,  two  do.  of  14  tons  each,  four  cupola  furnaces  of  different  sizes. 

.  Our  establishment  covers  some  six  acres,  and  we  have  employed  400 
men,  although  our  present  force  is  some  250. 

I  omitted  to  say  we  have  one  traveling  crane  of  40  tons  capacity,  one 
of  18  tons,  nine  common  cranes  of  capacity  from  10  to  40  tons. 

We  have  turned  out  25 -ton  guns  (finished  weight)  at  the  rate  of 
two  per  week  through  the  year,  and  8-ton  guns  at  the  same  rate  at  the 
same  time,' and  shot  and  shell  at  the  rate  of  30  tons  per  day. 

Yours  very  respectfully, 

Wm.  p.  Hunt. 


Pennsylvania  Steel  Company. 

The  Pennsylvania  Steel  Company,  ) 

L.  S.  Bent,  Superintendent,  v 

Steelton,    Penn'a,   May   6th,   1884.  ) 

Capt.   O.  E.  MiCHAELis, 

Frankford  Arsenal,  Philadelphia: 

My  Dear  Sir, — Your  esteemed  favor  of  the  29th  of  April  has  come  to 
hand;  and  I  will  endeavor  to  answer  your  inquiries  in  a  general  way, 
and  make  such  suggestions  as  may  occur  to  me.  Not  having  given  the 
matter  much  serious  thought,  I  fear  that  I  shall  not  be  able  to  render 
you  much  aid  other  than  placing  before  you  the  facts  which  follow. 

Our  *' open-hearth  "  furnaces,  of  which  there  are  two,  each  having  a 
nominal  capacity  of  30  tons,  can  melt  without  alteration  from  37  to  40 
tons  each;  thus  enabling  us  to  make  a  casting  of  from  75  to  80  tons 
(including  sink-heads,  sprues,  etc.).  At  present,  however,  we  are  not 
able  to  handle  with  our  cranes  a  casting  or  ingot  requiring  a  hoisting 
force  of  more  than  20  tons.  Our  pits  (7  feet  wide)  are  only  11  feet  deep. 
They  were  made  of  this  depth  to  enable  us  to  cast  large  ingots  for  the 
hammer,  which  is  capable  of  forging  a  15-ton  ingot.     These  pits  might 
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be  deepened  to  20  feet  without  great  trouble  or  expense,  judging  from 
the  character  of  the  soil  at  the  present  depth.  This  would  permit  the 
casting  of  guns  of  small  calibre  requiring  a  length  of  casting,  including 
riser-head,  of  not  more  than  20  feet  6  inches,  and  of  a  weight  not 
exceeding  20  tons.  For  larger  castings  a  special  pit  and  more  powerful 
cranes  would  be  necessary.  Such  a  special  pit,  20  feet  in  diameter,  or 
less,  could  be  sunk  in  front  of  the  furnaces,  on  a  line  running  midway 
between  them.  Two  cranes  (either  hydraulic  or  steam),  of  a  capacity  of 
120  tons  each,  would  have  to  be  erected  on  opposite  sides  of  this  pit. 

As  the  bottom  of  the  roof  chord  in  our  open-hearth  plant  is  only  33 
feet  above  the  general  level,  a  question  rises  as  to  whether  or  not  this 
height  is  sufficient  to  allow  the  handling  of  the  largest  guns  mentioned 
in  your  letter.  If  it  is  not,  the  roof  would  have  to  be  raised  to  the 
height  required  to  put  in  two  120-ton  traveling  cranes  running  on  a 
track  supported  on  columns.  This  would  involve  the  removal  of  our 
present  hydraulic  cranes,  and  the  substitution  in  their  stead  of  two 
10-ton  traveling  cranes,  supported  on  the  same  posts  or  columns  at  a 
lower  level.  This  would  make  the  whole  floor  space  available  both  for 
the  casting  of  ordinary  ingots  and  the  casting  of  guns. 

The  changes  necessary  for  casting  will  be  slight,  and  consequently 
inexpensive.  It  is  very  difficult  to  estimate  the  cost  of  other  changes. 
The  pits,  with  jib  cranes,  would  cost  probably  not  less  than  $10  000;  and 
the  pit,  with  traveling  cranes,  not  more  than  $150  000.  Heavy  trucks 
for  transportation  would  also  have  to  be  provided,  either  by  the  com- 
pany or  by  the  Government.  It  is  difficult,  also,  to  make  an  estimate 
of  the  time  that  would  be  required  to  make  these  changes.  Probably 
not  less  than  18  months  would  be  required  from  the  time  when  the  plans 
were  completed. 

The  price  per  pound  of  such  work  I  could  not  estimate  with  my 
present  limited  knowledge  as  to  what  would  be  required  by  the  Govern- 
ment in  the  way  of  a  guarantee.  In  the  event  of  failure,  would  the  loss 
fall  on  the  contractors? 

In  making  the  required  changes  we  would  be  deprived  of  the  use  of 
our  plant  for  quite  a  long  time,  and  be  obliged  to  give  up  a  portion  of 
our  present  business.  What  inducement  would  the  Government  offer 
us  for  giving  up  a  profitable  working  plant,  or  changing  it  into  an 
experimental  one?  In  my  judgment,  until  such  time  as  the  Government 
is  willing  to  secure  the  contractor  against  possible  loss,  responsible  par- 
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ties  will  not  come  forward  and  place  their  works  and  their  capital  at  its 
service.  I  think  that  we  possess  greater  facilities  for  such  work  than 
other  establishments,  and  we  would  need  to  make  fewer  alterations  and 
additions  to  our  plant  to  enable  us  to  turn  out  large  guns  than  any  other 
firm  or  corporation  in  this  country.  From  our  experience  with  smaller 
work,  I  am  led  to  believe  that  larger  castings  for  guns  could  be  made 
with  the  regularity  and  of  the  solidity  and  strength  required.  Of  course, 
some  time  might  be  required  to  develop  fully  this  new  feature  in  our 
business,  to  overcome  the  difficulties  and  risks  attending  the  casting  and 
handling  of  such  large  masses  of  steel,  and  to  fulfill  all  the  conditions 
required. 

After  casting  the  gun— following  the  Rodman  system — I  would 
recommend  the  following  treatment:  Place  the  casting,  when  cool,  in  an 
upright  annealing  furnace,  and  heat  it  evenly  throughout  to  a  cherry 
red.  Then,  in  some  convenient  manner,  cool  the  centre  more  rapidly 
than  the  outside.  This,  it  seems  to  me,  would  give  the  interior  com- 
pression and  the  exterior  tension  required,  and  the  steel  would  be  much 
more  strong  and  ductile  than  if  not  annealed.  We  know  that  steel  in 
an  ingot  or  casting  (without  further  manipulation)  is  comparatively 
weak,  owing  to  the  large  size  of  its  crystals  and  the  consequent  cleavage 
planes.  By  the  process  of  annealing  these  crystals  become  much  smaller 
and  more  intimately  interlaced,  which  results  in  a  great  improvement  in 
the  mechanical  properties  of  the  metal;  its  tensile  strength,  limit  of 
elasticity,  and  percentage  of  elongation  and  density  all  being  greatly 
increased,  as  when  the  steel  is  forged.  The  fracture  of  a  piece  of  steel 
after  annealing  (providing,  of  course,  that  it  is  solid)  has  every  appear- 
ance of  forged  steel,  and  it  is  equally  dense,  if  not  more  dense.  In  con- 
clusion, I  will  say  that  I  have  no  doubt  that  the  Pennsylvania  Steel 
Company  would  enter  into  any  equitable  arrangement  with  the  Govern- 
ment whereby  the  desired  results  could  be  obtained.  I  would  most 
certainly  do  all  in  my  power  to  forward  any  and  all  experiments  that  the 
Department  would  undertake. 

Yours  truly, 

L.  S.  Bent, 

Superintendent. 
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The  Pennsylvania  Steel  Company, 

L.  S.  Bent,  Superintendent. 
Steelton,    Penn'a,    May    15, 


)mpany,  ) 
ent.  ]■ 
),    1884.  ) 


Capt.  O.  E.  MiCHAEMs, 

Frankford  Arsenal,  Philadelphia: 

My  Dear  Sir, — Your  esteemed  favor  of  the  14th  inst.,  with  enclosures, 
has  been  received.  To  cast  a  50-ton  steel  gun,  I  would  not  begin  with 
less  than  75  tons  of  ready  metal.  As  to  the  cost,  I  have  not  any  data  by 
which  I  could  approximate  it;  neither  would  I  venture  to  undertake  a 
gun  of  that  size,  even  if  all  the  mechanical  conditions  were  equal  to  it, 
unless  I  could  avail  myself  of  the  services  of  some  party  who  had  had 
experience  in  this  pressure  method.  Otherwise  I  should  want  to  begin 
with  smaller  guns,  to  find  the  precise  conditions  that  the  metal  would 
take. 

The  actual  cost  of  the  metal — that  is,  when  it  was  ready  to  run  into 
the  moulds — would  be  about  50  per  cent,  more  than  the  cost  of  the  iron 
used  for  gun  metal;  but  there  are  so  many  conditions  and  contingencies 
involved  in  the  work  that  it  is  very  difficult  to  arrive  at  the  probable 
cost.  In  the  case  of  a  possible  mishap  there  would  be  on  hand  a  large 
mass  of  steel  which  it  would  be  next  to  impossible  to  get  into  such  shape 
that  it  could  be  used.  The  risk  incurred  in  handling  steel  is  much 
greater  than  that  of  handling  iron,  as  it  chills  so  quickly;  there  must  be 
no  margin  for  doubt  or  uncertainty  when  you  tap  the  metal;  it  will  go 
somewhere,  and  if  you  do  not  provide  a  proper  place  to  receive  it,  it  will 
make  an  improper  one  without  delay. 

You  have  asked  me  to  state  a  price  on  an  article  that  I  would  not 
attempt  to  handle — purely  from  want  of  knowledge.  If  you  could  pay 
a  visit  to  our  works,  in  company  with  a  person  who  has  had  experience 
in  casting  heavy  ordnance,  we  could  give  you  the  benefit  of  our  experi- 
ence in  handling  steel,  and  you  would  gather  many  facts  that  would  no 
doubt  be  of  great  assistance  to  you;  but  in  depending  upon  me  alone  I 
fear  that  you  might  be  led  astray.  Any  information  that  I  can  impart  I 
will  most  cheerfully  give  you,  and  will  be  at  your  service  at  any  time 
you  may  choose  to  come  to  our  works. 

Yours  truly, 

L.  S.  Bent, 

Superintendent. 
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LANDING-  ARRANGEMENTS   FOR   A   CAR   FERRY 
ON  THE  MISSISSIPPI  RIVER. 


By  Robert  Mooee,  M.  Am.  Soc.  C.  E. 
Read  at  the  Annual  Convention,  Buffalo,  N.  Y.,  June  10th,  1884. 


Ferries  for  the  transfer  of  railroad  cars  across  bays  and  rivers  have 
become  so  common  that  they  have  hardly  attracted  the  attention  from 
engineers  which  their  merits  really  deserve.  For  not  only  do  they  enable 
us  to  carry  traffic  without  unloading  where  bridges  are  out  of  the  ques- 
tion, but  they  do  it  so  rapidly  and  cheaply  that,  even  where  there  is  no 
impossibility  in  the  case,  the  building  of  a  bridge  is  very  often  a  matter 
of  more  than  doubtful  propriety,  as  involving  a  waste  of  capital.  If  the 
amount  of  traffic  be  not  very  large,  or  if  speed  be  not  the  first  requisite, 
it  is  often  much  cheaper  to  carry  freight  by  ferry  than  by  bridge,  when 
the  interest  on  the  investment  is  taken  into  the  account.  Yet  so  greatly 
have  engineers  neglected  works  of  this  kind,  that  when  I  had  occasion  to 
construct  one  myself,  I  could  find  in  print  no  plans  or  precedents  what- 
ever. * 


*  As  illustrating  the  economy  of  this  method  of  transfer  as  compared  with  a  bridge,  it 
may  be  worth  while  to  note  that  at  the  ferry  described  in  this  paper,  300  cars  can  easily  be 
transferred  in  10  hours  at  a  total  cost  not  exceeding  25  cents  per  car.  A  bridge  at  this 
point  would  cost  not  less  than  $3  000  000,  and  might  cost  much  more.  Adopting  the 
lowest  estimate,  and  assuming  further  that  6  per  cent,  was  paid  for  money,  we  should  have 
an  interest  charge  of  nearly  $500  per  day,  and  the  actual  cost  of  transfer  by  bridge  would 
be  greater  than  by  boat,  until  the  traffic  reached  2  000  cars  per  day,  or  about  seven  times 
the  present  traffic  at  this  point. 
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Though,  of  course,  all  car  ferries  have  many  points  in  common,  yet 
no  two  of  them  are  quite  alike,  and  nearly  every  one  presents  some 
original  features.  As  a  typical  case,  I  have  thought  it  worth  while  to  give 
somewhat  in  detail  the  problems  prosented  by  the  landing  arrangements 
for  such  a  ferry  on  the  Mississippi  River.  The  one  which  I  shall  describe 
v/as  built  by  the  writer  in  1882,  at  the  river  terminus  of  the  Belleville 
and  Carondelet  Railroad,  opposite  the  southern  limits  of  the  city  of  St. 
Louis.  As  it  has  in  use  been  thoroughly  satisfactory  and  successful,  it 
may  be  taken  as  a  fair  representative  of  the  class  to  which  it  belongs. 

The  river  at  this  point,  and  for  half  a  mile  up  and  down  stream,  is  at 
present  very  nearly  straight,  with  the  thread  of  the  current  parallel  to 
the  banks  and  approximately  in  the  centre.  On  the  west,  or  Missouri 
shore,  rock  is  found  near  the  surface,  within  200  or  300  feet  of  the  water's 
edge,  and  the  original  shore  line  probably  went  back  to  the  rock.  But 
by  means  of  cinders  from  the  adjoining  blast  furnace  and  zinc  works, 
and  the  deposit  of  sediment  caused  by  the  cinder  piles,  the  shore  line 
has  been  pushed  out  to  its  present  position.  The  material  used  resists 
the  action  of  water  nearly  as  well  as  rock,  and  the  shore  is  in  a  con- 
dition of  great  stability.  Its  elevation  is  above  all  but  the  greatest  floods 
and  its  slope  very  steep. 

The  eastern,  or  Illinois  shore,  was,  30  years  ago,  about  2  600  feet  dis- 
tant from  the  i^resent  line  of  the  western  shore.  But  the  Waterloo  and 
Carondelet  Turnpike  and  Ferry  Company,  whose  road  reaches  the  river 
at  this  point,  in  order  to  get  a  good  landing  for  its  boats,  has,  from  year 
to  year,  in  the  season  of  low  water,  extended  a  rock  dyke  out  into  the 
river  until  it  has  now  reached  a  point  about  1  300  feet  from  the  former 
shore  line.  The  deposit  of  sediment  which  this  work  has  caused,  aided 
by  the  works  of  the  East  St.  Louis  and  Carondelet  Railroad  above,  and 
the  Cairo  and  St.  Louis  Railroad  below,  has  gradually  brought  out  the 
whole  shore  line  nearly  to  the  end  of  the  ferry  dyke,  until  now  the 
width  of  the  river  at  mid  stage  is  only  1  350  feet,  or  but  little  more  than 
half  what  it  was  originally.  During  the  six  years  from  1876  to  1882,  the 
shore  line  was  moved  westwardly  into  the  river  365  feet,  or  nearly  61  feet 
per  annum.  This  is  now  the  narrowest  place  in  the  river  below  the 
mouth  of  the  Missouri,  the  width  being  234  feet  less  than  between  the  abut- 
ments of  the  St.  Louis  bridge,  and  the  east  shore  is  no  less  than  150  feet 
west  of,  or  within,  the  line  fixed  upon  by  the  United  States  engineers  as 
the  limit  for  permanent  works.     Owing  to  this  contraction  of  the  stream, 
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the  current  is  very  strong  and  the  depth  of  water  unusually  great,  vary- 
ing in  the  channel  (according  to  the  reports  of  pilots)  from  30  to  100  or 
more  feet. 

The  land  selected  for  the  terminus  of  the  Belleville  and  Carondelet 
Railroad,  as  shown  on  the  accompanying  Plate  XXXIII,  lies  immediately 
south  of  the  ferry  dyke,  and  just  north  of  the  lands  occupied  by  the  Cairo 
and  St.  Louis  (narrow  gauge)  Eailroad.  The  tract  owned  by  the  railroad 
has  a  water  frontage  of  1  340  feet,  and  extends  back  from  the  river  about 
1  400  feet.  It  is  all  composed  of  river  sediment,  and,  excepting 
a  narrow  strip  on  the  east,  is  all  the  growth  of  the  last  thirty  years.  It 
is  below  the  line  of  ordinary  freshets,  and,  excepting  the  railroad  embank- 
ment, is  still  overflowed  once  or  twice  every  year.  It  was  covered  with  a 
dense  growth  of  willows,  which  assisted  greatly  in  its  formation,  and 
which  were  afterwards  utilized  in  protecting  the  front,  as  hereinafter 
described. 

The  vertical  range  of  the  river  at  St.  Louis  is  41-1^,-  feet,  the  lowest 
water  being  that  of  December  21st,  1863,  and  the  highest  that  of  June 
27th,  1844.  Both  these  stages  are,  however,  counted  as  exceptional, 
and  are  not  taken  as  the  standard  for  ordinary  works.  As  the  river  has 
never  come  nearer  than  4  feet  to  the  extreme  low  water  of  1863,  except 
when  closed  with  ice,  it  is  safe  to  take  this  mark  of  4  feet  as  low  water 
for  all  purposes  of  navigation,  and  this  is  accordingly  the  "standard  low 
water"  of  the  United  States  engineers. 

Reasoning  in  the  same  manner,  the  flood  of  1844  is  so  far  above  all 
subsequent  floods  and  all  existing  works  that  all  the  railroads  on  the  east 
side  of  the  river  have  adopted  as  the  upper  limits  of  their  works 
standards  from  4  to  6  feet  below  the  high-water  mark  of  1844.  A 
repetition  of  this  flood  would  cut  ofi'  all  access  to  St.  Louis  from  the 
east,  except  by  boat,  and  submerge  the  town  of  East  St.  Louis  from  7 
to  9  feet  deep.*  Still  it  has  been  thought  best  to  take  this  risk  rather 
than  to  incur  the  great  cost  and  inconvenience  of  the  high  embankments 
that  would  be  necessary  to  avoid  it.  In  the  case  of  the  Belleville  and 
Carondelet  Railroad,  now  under  discussion,  the  standard  chosen  as  the 
upper  limit  for  construction  was  a  line  18  inches  above  the  flood  of  1881, 


*  The  tracks  at  the  east  end  of  the  St.  Louis  bridge,  at  Relay  Depot,  over  which  pass  all 
trains  coming  to  St.  Louis  from  the  east,  have  an  elevation  of  3.7  feet  below  the  flood  mark 
of  1844. 
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which   was   the  highest  that  had,  up  to  that  time,  occurred  since  1858, 
though  it  was  no  less  than  7i^o  feet  lower  than  the  great  flood  of  1844. 

The  two  limits  thus  chosen  gave  a  vertical  range  to  be  covered  by 
the  ferry  incline  of  31 1%  feet.  As  the  space  available  for  the  incline  was 
limited,  it  was  desirable  to  use  as  steep  a  grade  as  could  be  conveniently 
worked.  By  using  such  a  grade,  moreover,  the  length  and  weight  of 
the  moving  cradle  would  be  reduced,  which  is  in  practice  a  very  consid- 
erable advantage.  The  grades  in  actual  use  on  the  Mississippi  for  ferry 
inclines  vary  from  about  2-^^  '^ip  to  5  feet  per  hundred.  The  grade 
chosen  in  the  present  case  was  3.75  feet  per  100,  excepting  the  last  150 
feet  at  the  lower  end,  where  it  was  increased  to  6  feet.  This  change  of 
grade  was  made  in  order  to  still  further  shorten  the  incline,  and  was  ad- 
missible at  the  end,  for  the  reason  that  this  part  would  be  occupied  only 
by  the  cradle  and  never  by  a  locomotive. 

Owing  to  the  changeable  character  of  the  river  bank  at  this  point, 
the  problem  of  securing  the  best  alignment  and  location  for  the  incline 
w^as  one  of  some  difficulty.  If  put  too  far  inland  it  might  be  silted  up 
and  become  inaccessible  in  low  water.  This  had  actually  happened  at  the 
terminus  of  the  East  St.  Louis  and  Carondelet  Eailroad,  about  a  quarter 
of  a  mile  above.  An  incline  constructed  and  used  about  twelve  years  ago 
has  for  several  years  been  entirely  buried,  and  is  now,  at  low  water,  several 
hundred  feet  inland.  On  the  other  hand,  to  put  it  far  out  in  the  stream 
would  be  to  invite  destruction  by  ice  gorges  and  floods.  And  here, 
again,  the  experience  of  our  neighbors  of  the  East  St.  Louis  and  Caron- 
delet Eailroad  was  of  great  value.  The  incline  built  to  replace  the 
buried  one  just  mentioned  was  put  out  so  far  that  hardly  a  year  j^asses 
in  which  it  is  not  disabled  by  driftwood  or  ice.  Still  another  danger 
to  be  avoided  is  that  of  giving  the  incline  too  great  an  angle  with  the 
current ;  for  in  this  case  the  boat  in  approaching  the  incline  is  brought 
so  hard  against  the  fender  piles  that  its  management  is  attended  with 
much  difficulty  and  some  danger.  The  angle  adopted  in  the  present 
case  w^as  18^  degrees,  which  has  given  perfect  satisfaction  to  the  pilots, 
and  the  location  with  reference  to  the  shore  is  such  that  at  low  water 
about  two-thirds  of  the  incline  is  on  land  and  one-third  in  the  water. 
And  so  far  there  has  been  no  trouble  from  silting  up,  and  none  from 
driftwood  or  ice. 

As  regards  materials,  the  lower  end  of  the  incline  was  an  ordinary 
pile  trestle  with  bents  (of  four  piles  each)   15  feet  apart,  and  offering 
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no  features  worthy  of  sj^ecial  remark.  The  piles  were  carried  back  on 
to  the  land  about  100  feet  so  as  to  guard  against  danger  from  under- 
cutting. The  upper  end  of  the  incline  was  a  bank  of  sand  ranging 
in  height  from  nothing  up  to  7  feet.  The  only  difficulties  of  con- 
struction were  at  the  lower  end,  where  for  ten  or  twelve  bents  the  piles 
had  to  be  cut  off  and  capped,  and  the  stringers  then  j^laced  in  position 
under  water.  To  do  this  the  piles  were  cut  off  by  a  circular  saw  rigged 
on  the  same  boat  which  carried  the  j^ile  driver.  The  caps  of  green  oak 
were  then  placed  on  the  piles,  held  in  i)osition  from  the  boat,  and  then 
secured  by  drift  bolts  which  were  driven  by  a  1-inch  iron  rod  10  or 
12  feet  long,  working  through  a  gas-pipe.  This  pipe  was  i^laced 
over  the  drift  bolt  and  the  rod  then  used  as  a  hammer.  The  stringers, 
ties  and  rails  which  were  to  be  placed  under  water  were  first  framed 
and  bolted  together  out  of  the  water  on  the  upj^er  part  of  the  trestle. 
The  whole  frame-work  was  then  pushed  forward  into  the  Avater  until  it 
was  directly  over  the  bents  on  which  it  was  to  rest,  loaded,  sunk  and 
secured  by  drift  bolting  in  the  manner  already  indicated. 

The  chief  problem  in  the  case  was  not  one  of  construction,  but  of 
maintenance.  Owing  to  the  extreme  narrowness  of  the  river  at  this 
IDoint,  the  force  of  the  current  in  floods  and  the  consequent  scour  are 
very  great.  This  was  very  clearly  demonstrated  during  the  progress  of 
this  very  work.  During  a  season  of  low  water  in  February,  1882,  the 
pile  driving  was  begun,  and  nearly  completed,  when  an  almost  unex- 
amjjled  freshet  suspended  the  work,  and  the  water  remained  so  high 
that  work  was  not  resumed  until  the  September  following.  At  the  end 
of  this  time  it  was  found  that  nearly  all  the  piles  driven  for  the  incline, 
as  well  as  those  for  a  coal  dumj),  a  short  distance  above,  had  disap- 
peared. In  all,  200  piles  had  gone  out,  and  soundings  showed  that  over 
a  large  jDart  of  the  ground  occupied  by  the  incline,  the  bottom  was 
about  10  feet  below  where  it  was  in  February  before. 

The  means  adopted  to  guard  against  a  repetition  of  this  experience 
were  substantially  the  same  as  those  employed  for  similar  purposes  by 
the  United  States  engineers  in  their  works  of  river  improvement  on  the 
Mississippi  and  Missouri,  viz. :  to  cover  the  ground  exposed  to  scour 
with  willow  mattresses  and  stone.  These  were  made  in  the  usual  man- 
ner, by  laying  willow  brush  crosswise  until  they  reached  a  thickness  of 
about  12  inches,  and  binding  them  strongly  together  with  wire.  They 
were  put  together  on  inclined  ways  on  the  shore,  pushed  into  the  water, 
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THE  STRENGTH  AND  ELASTICITY  OF  STRUC- 
TUTRAL  STEEL,  AND  ITS  EFFICIENCY  IN 
THE  FORM  OF  BEAMS  AND  STRUTS. 


By  James  Christie,  M.  Am.  Soc.  C.  E. 
Bead  Mat  7th,  188-4. 


The  various  grades  of  steel  used  in  structures  possess  such  an  ex- 
tended range  of  physical  properties,  that  it  is  impossible  to  consider  the 
metal  in  its  individual  sense,  as  we  might  treat  of  iron. 

The  character  of  steel  is  so  largely  determined  by  the  various  agents 
that  enter  into  its  composition,  that  a  complete  description  of  any  par- 
ticular grade  involves  a  consideration  of  these  agents. 

It  is  customary,  however,  to  denominate  each  grade  by  the  percentage 
of  carbon  it  contains.  As  a  general  rule,  the  higher  the  carbon  per- 
centage, the  higher  the  tenacity  of  the  steel  will  be,  and  the  lower  its 
ductility. 
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The  subjoined  list  exhibits  the  average  tensile  resistance  and  ductility 
of  steels  having  the]stated  proportions  of  carbon  : 


Pekcentage  of 

Tenacity  in  Lbs. 

PER  Square  Inch. 

DUCTTTJTT. 

Carbon . 

Ultimate. 

Elastic  Limit. 

Ult.  Elongation 
in  8  Inches. 

.10 

60  COO 

36  000 

26  per  cent. 

.15 

66  000 

40  000 

24 

.20 

74  000 

45  000 

22 

.25 

82  000 

50  000 

20 

.30 

90  000 

55  000 

18 

.35 

100  000 

60  000 

16 

.40 

110  000 

65  000 

14 

These  figures,  however,  are  only  approximate,  as  much  depends  on 
the  quality  of  the  steel  and  the  reduction  of  its  section  by  rolling  from 
the  ingot  to  the  finished  bar.  Steel,  whose  carbon  ratio  is  below  or  does 
not  much  exceed  .15  per  cent.,  is  known  conventionally  as  "mild"  or 
''soft"  steel. 

Aside  from  its  lower  tensile  strength  and  greater  ductility,  as  com- 
pared with  the  harder  steels,  it  is  distinguished  by  its  superior  welding 
property,  and  also  by  its  moderate  hardening  property  when  chilled  in 
water  from  a  red  heat. 

Steel  having  .10  to  .12  per  cent,  of  carbon  should  double  flat  with- 
out fracture,  when  chilled  in  cold  water  from  a  red  heat.  When  the 
carbon  ratio  reaches  .15  it  should  still  bend  around  a  curve  whose 
diameter  is  three  or  four  times  the  thickness  of  the  specimen  operated 
upon,  and  when  chilled  in  water  of  80°  F.  When  the  carbon  ratio 
reaches  .35  or  .40  the  steel  will  harden  sufficiently  to  cut  soft  iron  and 
maintain  an  edge. 

The  steels,  which  were  subjected  to  the  tests  hereafter  described,  were 
of  two  distinct  grades,  termed  respectively  "mild  "  and  "hard  "  steel. 
Both  were  products  of  the  Bessemer  converter. 
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All  the  material  was  rolled  at  the  Pencoyd  Iron  Works,  where,  also, 
all  the  experiments  were  made. 

The  mild  steel  was  rolled  from  ingots  made  by  the  Pittsburgh  Steel 
Casting  Company,  and  the  hard  steel  from  ingots  made  by  the  Lackawanna 
Coal  and  Iron  Company,  the  former  grade  being  such  as  is  largely  used  at 
present  for  shipbuilding,  and  the  latter  grade  being  ordinary  commercial 
rail  steel.  The  mild  steel  had  a  carbon  ratio  varying  from  .11  to  .15  -pev 
cent.,  and  the  hard  steel  .36  carbon. 

A  few  specimens  of  each  grade  were  submitted  to  chemical  analysis, 
with  results  given  hereafter. 

The  testing  machine  was  the  same  described  in  "Experiments  on 
Struts,"  Transactions,  No.  279,  April,  1884.  The  tensile  tests.  Table 
No.  1,  were  made  on  strips  about  24  inches  long,  cut  from  bars  of  the 
sections  described  in  the  tables. 

To  these  strips  clamped  plates  were  applied  exactly  12  inches  apart, 
and  at  regular  intervals  during  elongation  the  distance  between  these 
clamps  was  measured  with  a  callipers  by  the  sense  of  touch,  and  read  on 
a  measuring  machine  to  the  nearest  one-thousandth  of  an  inch. 

For  tests  of  direct  compression  (table  No.  1),  specimens  12  inches 
long  were  inserted  in  a  tube,  and  the  space  between  the  specimen  and 
inside  of  tube  was  filled  with  fine  sand,  to  prevent  lateral  deflection  of 
the  specimen  under  compression.  For  further  details  of  this  method  of 
testing,  see  the  Appendix  to  "Experiments  on  Struts,"  Transactions, 
April,  1884.  To  correct  irregularities  in  the  changes  of  length  under  stress, 
measurements  were  taken  on  opposite  sides  of  the  specimens,  in  both 
tensile  and  compressive  tests,  and  if  any  difference  occurred,  the 
average  of  the  two  measurements  was  recorded.  Table  No.  1  embraces 
tests  for  tension  and  compression  by  the  foregoing  methods;  the  respect- 
ive specimens,  as  described  by  number,  being  cut  from  the  same  bar  of 
material.  A  number  of  tests  were  also  made  for  elasticity  under  com- 
pression, on  bars  varying  in  length  from  20  to  84  inches,  as  described  in 
table  No  2.  In  these  experiments,  measurements  of  compression  were 
stopped  when  lateral  flexure  became  noticeable,  but  the  pressure  was 
continued  until  failure  ensued. 

The  pressures  at  the  point  of  failure  for  the  steel  bars  in  this  table 
are  recorded  in  tables  of  strut  tests  Nos.  6  and  7;  the  various  bars  being 
indicated  by  numbers  corresponding  to  each  other  in  both  tables. 

Specific  gravities  were  accurately  measured  of  specimens  from  each 
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shape  and  each  kind  of  material,  and  the  sectional  areas  of  test  bars 
ascertained  by  the  relations  thus  obtained  between  length,  weight  and 
area  of  section. 

In  tests  for  the  elasticity  of  material,  irregularities  in  constancy  of  ratio 
between  changes  of  length  and  corresponding  loads  are  frequently  ob- 
tained, due  either  to  actual  differences  of  elasticity  under  diflfering 
intensities  of  stress,  or  else  to  imperfection  of  measuring  appliances. 

For  the  purpose  of  harmonizing  such  irregularities,  the  sums  of  the 
measured  changes  of  length  were  divided  by  the  sums  of  the  corres- 
ponding stresses,  thus  obtaining  correct  average  results.  By  this  means 
the  figures  in  column  e,  tables  Nos.  1  and  2,  were  obtained,  which  sig- 
nify the  change  of  length  in  inches  per  square  inch  of  section,  and  per 
foot  of  length  for  each  1  000  lbs.  of  stress  below  the  elastic  limit. 

Tables  of  Tkansverse  Tests. 

The  experiments  on  transverse  resistance  were  made  on  bars  of  3  and 
4  inches  diameter,  and  on  solid,  flanged  beams  from  3  to  12  inches  deep, 
as  recorded  in  tables  Nos.  3  and  4. 

All  transverse  tests  were  made  on  beams  supported  at  the  ends  and 
loaded  in  the  middle.  For  this  purpose,  a  heavy  iron  beam  was  placed 
on  the  table  of  the  testing  machine,  of  sufficient  length  to  include  the 
supports  of  the  longest  beam  te3ted.  On  these  supports  the  beam  to  be 
tested  was  placed,  and  the  testing  machine  brought  to  act  on  the  middle 
of  the  beam.  A  straight-edge  was  placed  across  the  points  of  support,  from 
which  deflections  were  measured,  so  that  the  deflection  of  the  supporting 
beam  in  no  way  affected  the  deflection  of  the  specimen.  The  beams  had 
no  lateral  support  in  the  middle,  except  the  little  they  received  from  the 
straining  rods  of  the  testing  machine,  which  accounts  for  the  ultimate 
resistance,  in  many  instances,  being  so  little  in  excess  of  the  elastic 
limit. 

Maximum  resistance  to  bending  was  taken  at  the  point  where  increase 
of  deflection  occurred  without  increase  of  load.  Little  value,  however, 
is  attached  to  the  record  of  maximum  transverse  stress,  as  the  point 
indicated  is  determined  to  some  extent  by  the  time  occupied  in 
applying  the  load.  For  the  10  and  12-inch  beams,  increase  of  stress 
was  stopped  when  the  elastic  limit  was  positively  ascertained.  The  tests 
for  elastic  limit  were  made  at  intervals  corresponding  to  a  varying  inten- 
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;4 
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8 
3 
0 
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23  077  000 

23  530  000 

24  490  000 
24  000  000 


18  182  000 
21  063  000 

25  530  000 

31  580  000 

24  490  000 
24  490  000 
35  300  000 
15  132  000 
17  700  000 
21  700  000 
17  142  000 


Greatest 

Pressure 

applied 

persq.  in. 

Perma- 
nent   Re- 
duction 
per  cent, 
of  length. 

52  500 

2.4 

52  500 

2.2 

46  000 

.... 

59  700 

.07 

80  000 

1.4 

56  000 



52  500 

2.0 

52  500 

2.1 

52  500 

2.4 

48  000 

.... 

100  000 

7.2 

90  000 

10. 

71  000 

4.9 

63  700 

2.9 

63  700 

3.2 

63  700 

3. 
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from  the  flanges  of  beams. 


TABLK  NO.  1. 
Dimensions  in  Inches  and  Pressures  in  Pounds. 


No.  of 
Expt. 


upecimcn 
from. 


7"  beam  bulb 
Web     of    7" 

bulb  beam.. 
Flange   of  7" 

bulb  beam. 

3i"   angle, 
round  . . 


.  .'2"  angle  . . 


Mild  steel. . 
Iron 


2^"  angle... 

Bulb  of  7" 
bulb  beam., 

Web  of  7" 
bulb  beam.. 

Flange  of  7" 
bulb  beam  . 

2i"    angle. 

I"  round.. 

J"  square 

~7"beam 

1     ■' 
1     " 

12"I    ■' 


Elastic 
Limit. 


57  000 

37  500 
36  000 

38  000 
64  000 

58  000 
68  000 
44  600 

28  000 
28  000 
31  000 
30  000 
34  000 
36  000 

39  000 
38  000 

41  000 

42  000 


Ultimate 
Tenacitj'. 


65  700 

62  910 

63  390 

57  001 1 
91  900 
101  000 
109  800 

66  000 

51  500 
51  000 
50  900 
46  000 
61  600 
53  800 
61  440 

64  650 

67  400 
70  200 


Elongation 
in  8  Inches, 


28  per  cent, 

24.6  " 

21.8  " 

25 

•21. 

HI 

15.6  " 


18  per  cent, 
16.4  '• 


22.6  per  ct, 
27.3  " 


.000426 

.000376 

.000444 

.00040 

.00040 

.00042 

.00041 


28  170  000 
32  000  000 

27  030  000 
30  000  000 
30  000  000 

28  570  000 

29  270  000 


21.9  per  ct. 
.6   " 


.00042 

.00042 

.00041 

.00044 

.1)00408 

.000438 

.000392 

.000376 

.001142 

.000366 


28  670  000 

28  67o  000 

29  270  000 
27  270  000 

29  400  000 

27  420  000 

30  612  000 

31  915  000 

28  571  000 

32  780  000 


Elaatiif 
Limit. 

e. 

E. 

Greatest 
Pressure 
applied 
persq.  in. 

Perma- 
nent Re- 
duction 
per  cent, 
of  length. 

37  000 

.00052 

23  077  000 

62  500 

2.4 

(■  37  000 

.00051 

23  530  000 

62  500 

2.2 

38  000 

.00049 

24  490  000 

46  000 

54  000 

.00050 

24  000  000 

59  700 

.07 

68  000 

80  000 
56  000 

1.4 

55  000 

.00066 

18  182  000 

43  000 

.00057 

21  053  000 

52  600 

2.0 

31  000 

.00047 

25  630  000 

62  500 

2.1 

■  28  000 

.00038 

31  580  000 

52  500 

2.4 

28  000 

.00049 

24  490  000 

48  000 

28  000 

.00049 

24  490  000 

100  000 

7.2 

32  000 

.00084 

35  300  000 

90  000 

10. 

36  000 

.000793 

16  132  000 

71  000 

4.9 

36  000 

.000678 

17  700  000 

63  700 

2.9 

37  000 

. 000553 

21  700  000 

63  700 

3.2 

37  500 

.00070 

17  142  000 

63  700 

3. 

In  the  last  four  experiments  specimens  for  tension  were  cut  from  the  webs,  and  for  compression  from  the  flanges  of  beams. 
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sity  of  stress  of  500  pounds;  consequently,  the  given  limits  of  elasticity- 
may  vary  from  the  actual  nearly  that  amount. 

The  calculations  for  co-efficients  of  elasticity  were  made  from  a 
similar  basis  as  that  previously  described  for  longitudinal  tests,  that  is, 
the  sum  of  the  measured  deflections  was  divided  by  the  sum  of  the  cor- 
responding loads,  and  the  result  taken  as  the  average  deflection  per  unit 
of  load.  This  quantity  is  given  in  tables  Nos.  3  and  4,  under  the  head  of 
"  cZ,"  which  means  the  deflection  in  inches  per  1  000  pounds  of  load  below 
the  elastic  limit,  and  for  the  given  length  and  section.  As  the  complete 
details  of  the  experiments,  such  as  the  particulars  of  each  measurement 
for  deflection,  etc. ,  would  be  very  difi'use,  and  would  occupy  too  much 
space,  the  subject  is  condensed  down  to  the  form  given  in  the  tables, 
which  are  a  faithful  compilation  of  the  results,  and  admit  of  direct  and 
ready  comparison  between  the  various  lengths  and  sections  of  different 
materials. 

The  following  notation  is  adopted  throughout  this  paper  : 

i=  moment  of  inertia. 

E=^  modulus  of  elasticity. 

e  =  change  of  length  per  square  inch  of  section,  and  per  foot  of 
length  for  each  1  000  lbs.  of  load. 

M=  bending  moment. 

R  =  modulus  of  maximum  resistance  to  bending. 

i?i  =  modulus  of  resistance  to  bending  at  the  elastic  limit. 

L  =  length  of  beam  between  supports. 

W  =  weight. 

D  =  distance  from  neutral  axis  to  extreme  fibres  of  beam. 

d  =  deflection.  (In  the  tables  means  the  "deflection  for  each  1  000 
pounds  of  load.) 

r  =  least  radius  of  gyration. 

/  =  length  of  strut. 

R  and  Ri  in  the  tables  are  calculated  by  means  of  the  formula  for 
maximum  fibre  stress: 

RovR,=^'^ 

F 

48  ic/ 
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TABLE.  No.  2. 

The  experiments  eecorded  in  this  table    are    the    direct  compressions  of 

BARS   designated     BY   CORRESPONDING    NUMBERS   IN   TESTS     OF    STRUTS,    TABLES 
NOS.   6   AND  7. 
The     MEASUREMENTS    OF     COMPRESSION     WERE     STOPPED     WHEN    THE      BARS     BEGAN 
TO   YIELD   LATERALLY. 


Dimensions,  in  Inches. 


Weight,  in  Pounds. 


No. 


Material. 


Hard  steel.. 

Iron 

Mild  steel . . 


55 
28 
27 
26 
—    Iron 


10 
11 
53 

49 
21 
24 


Mild  Steel 
Iron 


Mild  steel 


Hard  steel 


Mild  steel 


Size  and 
Shape. 


3 "  I  beam. 


3"  angle. 


2i"  " 


1"  " 

1"    " 
1"    " 


Length. 

Area. 

84.6 

1.76 

84.3 

1.68 

8i.2 

1.77 

84.2 

1.77 

84.2 

1.74 

84.4 

1.84 

84.4 

1.19 

84.3 

1.24 

84.3 

1.22 

24. 

.48 

24.1 

.61 

24. 

.48 

19.9 

.47 

,00044 
.00041 
.00036 
.00042 
.00046 
.00047 
.00060 
.00054 
.00056 
.00039 
.00053 
.00046 
.00052 


B. 


27  272  000 

29  270  000 
33  333  000 

28  571  000 
26  087  000 

25  532  000 

20  000  000 
22  222  000 

21  430  000 

30  770  000 

22  640  000 

26  087  000 

23  077  000 


]     From 
/-  different 
)    ingots. 
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In  table  No.  4  the  7-inch  steel  bulb  beams  Nos.  15  and  16  were 
cut  from  the  same  original  bar,  as  were  also  the  iron  beams  Nos.  29 
and  30.  The  behavior  of  these  beams  under  stress  was  peculiar,  and 
requires  explanation.  This  section  of  beam,  if  straightened  hot,  will 
curye  in  cooling,  owing  to  the  unequal  cooling  of  the  unequal  flanges. 
The  bulb  remains  on  the  concave  side  ;  consequently,  if  straightened 
cold,  the  flanges  are  strained,  the  bulb  in  tension  and  the  flange  in 
compression.  The  four  beams  referred  to  were  straightened  cold;  all 
other  beams  tested  were  curved  hot  when  the  section  required  it,  and 
tested  in  the  condition  they  left  the  rolls.  The  particulars  of  the 
deflections  are  given  for  these  four  beams  on  the  next  page,  showing 
how  irregularly  they  acted. 

Elasticity  of  Steel. 

The  elasticity  of  either  steel  or  iron  is  so  variable  and  uncertain, 
that  it  is  difficult  to  assign  a  definite  value  to  any  particular  material, 
except  by  taking  the  averages  of  numerous  experiments.  Carefully 
conducted  experiments  on  iron  with  the  Government  machine  at 
Watertown  yielded  for  tension,  elastic  moduli  varying  from  24  to  over 
33  millions  of  pounds,  an  average  of  some  twenty  experiments  was 
28  234  000  pounds.  For  compression  the  moduli  varied  from  26  500  000 
to  35  300  000;  an  average  of  twenty  tests  was  29  000  000  pounds.  Trans- 
verse tests  on  round  bars  with  the  same  machine  gave  elastic  moduli 
varying  from  20  to  over  30  millions,  with  an  average  for  twelve  tests  of 
25  360  000;  and  for  rolled  I  beams  moduli  varying  from  26  to  36 
millions  were  obtained,  with  an  average  for  twenty-five  tests  of 
31  000  000  pounds.  The  general  averages  of  elasticity  obtained  from  the 
Pencoyd  experiments,  as  previously  recorded,  are  summarized  in  table 
No.  5.  As  but  few  experiments  were  made  on  hard  steel,  the  comparison 
instituted  is  not  so  just  as  that  made  between  the  mild  steel  and  iron. 

It  seems  probable  that  the  elasticity  of  the  diff'erent  materials  is 
practically  uniform.  The  steel  may  stretch  less  than  the  iron  in  tension, 
but  it  is  more  certain  that  the  steel  shortens  the  most  under  com- 
pression. Transversely,  if  any  practical  diiference  at  all  exists,  the 
advantage  in  stifi'ness  probably  belongs  to  steel.  But  the  elasticity 
of  both  metals  is  so  close  and  uncertain  that  these  averages  might  be 
considerably  modified  one  way  or  the  other  by  further  experiments. 


DS. 


E. 


30  890  000 
25  Oil  000 

27  718  000 

25  489  000 
23  692  000 
18  765  000 
23  040  000 

29  923  000 

30  209  000 

28  889  000  ■ 

29  055  000 

31  313  000 

23  869  000 

26  982  000 
22  310  000 
28  720  000 

27  674  000 

26  255  000 

24  827  000 
19  164  000 

22  997  000 
26  172  000 

28  988  000 

28  039  000 

26  929  000 

23  984  000 
23  162  000 


Rolled 

from  same 

ingot. 


From 
same  ingot. 


Nos.  19,  21 
and  22 

from  same 
ingot. 


From 
same    pile. 


TABLE  No.   4. 

TuANsvERSE  Tests  or  Iron  and  Steel  Flanqed  Beams. 

Dimensions  in  Inches.  Loads  in  Pounds. 

The  figure  for  bulb  beams  denotes  the  position  of  flange  when  the  beam  was  tested. 


No  of 
Expr't. 


10 
11 
12 

13 

14 

15 

16 
17 
18 

19 

20 
21 
22 

23 

24 
25 
26 

27 

28 

29 

30 

31 

32 


Mild   steel. . 


Hard  steel..  3"^ 
Iron 


Kind  of 
Beam. 


3"  "T  beam 

i  •' 
1  •• 

I 


5-1 
9"1 

rj 

8"I 


1.77 
1.77 
3.34 

3.34 

4.19 

5.42 

5.42 

7  18 
6.9 

6  72 

6  74 
6.72 
6.72 

1.76 

1.68 

1.68 

3.51 

3.34 

4.16 

5.35 

5.35 

8.18 

8.18 

6  58 

6.65 
6.7 
6.54 


Moment 

of 
Inertia. 


Distance 
from  Neu 
tral  Axis  to 

Extreme 
Fibre. 


2.76 
2.76 
12. 

12. 

22. 

37.6 

37.6 


70.2 

70.3 
70.2 
70.2 

2.74 

2.63 

2  63 

12.3 

12.0 

21.9 

37.2 

37  2 

91.6 

91  6 


69.9 
70.1 
69.2 


1.5 
1.5 

2.78 

2.78 

3.35 

3.8 

3  8 

5.0 

5.0 

4.0 

4.0 
4.0 
4.0 

1  5 

1.5 

1.5 

2.78 

2.78 

3.35 

3.8 

3.8 

5.0 

5.0 

4.0 

4.0 
4.0 
4.0 


Length 
between 
Supports. 


59 
39 

108 

108 
96 
69 
69 
240 
240 

240 

240 
144 

96 

39 
39 

59 
108 

108 

96 

69 

69 

228 

228 


240 
144 
96 


Ultimate 
Load. 


5  500 
8  300 

8  800 

8  400 
14  860 
34  000 
34  000 
14  500 
13  500 

13  000 

12  930 
19  480 
31  300 

11500 

7  500 

5  000 

7  440 

7  310 

13  440 
26  000 

28  000 
13  310 
13  640 

10  630 

10  940 
19  800 

29  100 


Load  at 
Elastic 
Limit. 


5  000 

7  500 

8  000 

7  500 
14  000 
27  000 
27  000 
13  000 
11  000 

11  000 

11000 

16  000 
29  500 

10  000 

6  000 
4  500 
6  500 

6  500 

12  500 
20  000 
20  000 
11000 
10  000 

9  500 

9  000 

17  000 
25  500 


45  200 
45  100 
55  000 

52  500 

54  300 

59  300 

59  300 

51  300 

48  800 

44  400 

44100 

39  900 
42  800 

02  000 

42  300 

42  700 

45  400 

45  700 

49  300 
45  800 
49  300 
41400 
42  400 

36  800 

37  500 

40  700 
40  400 


/i-i 


41  100 
40  800 

50  000 

46  900 

51  200 

47  100 
47  100 
46  000 
39  800 


.0513 
.0183 
.0789 

.0858 

.0340 

0097 

.0079 

.1135 

.1150 


37  600   .1420 


37  500 

32  800 
40  300 

54  300 

33  900 

38  400 

39  700 

40  600 
45  900 
35  800 
35  200 


.1410 
.0283 
.0110 

.0170 

.0213 

.0573 

.0771 

.0833 

.0339 

.0096 

.0080 


34  200 

.1030 

31400 

.0930 

32  800 

.148 

30  900 
M  900 
35  400 

.153 
.037 
.0115 

30  890  000 
25  Oil  000 

27  718  000  1 

25  489  000  j 
23  692  000 

18  765  000 
23  040  000 

29  923  000 

30  209  000 

28  889  000 1 

29  055  000  I 

31  313  000  I 

23  869  000  J 

26  982  000 
22  310  000 

28  720  000 

27  674  000 

26  255  000 

24  827  000 

19  164  000 

22  997  000 
26  172  000 

28  988  000 

28  039  000 

26  929  000 

23  984  000 
23  162  000 


Rolled 

from  same 

ingot. 


From 
same  ingot. 


Nos.  19,  21 
and  22 

from  same 
ingot. 


From 
same    pile. 


E. 


27  515  000 

28  414  000 
27  182  000 

29  160  000 


28  597  000 

27  647  000 

28  138  000 
28  799  000 


29  727  000 

30  749  000 
29  568  000 

29  164  0(iO 

30  219  000 
1 30  030  000 
1 29  709  000 
:  28  234  000 
:27  717  000 
'28  784  000 
27  818  000 
29  364  000 

26  392  000 

27  015  000 
27  046  000 
26  912  000 


^ere  wider 
3  between 


TABLE  No.  i— {Continued). 
XiiANsvEESE  Tests  or  Steel  and  Iuon  Beams. 


Dimensions  in  Inches. 


Loads  in  Pounds. 


No.  of 
Expr't. 

Moment 

Length 

Load  at 

Def  n  at 

Set   at 

Material. 

Size  of  Beam. 

Area. 

of 

between 

Elastic 

Elastic 

Elastic 

(I. 

A'-i 

E. 

9.2 

Inertia. 

Supports . 

Limit. 

Limit. 

Limit. 

37 

Mild  steel. . 

10-incb  ^  beam. 

150.5 

156 

22  500 

.4375 

.0165 

.0191 

35  000 

27  515  000 

38 

" 

" 

168 

21000 

.502 

.021 

.0231 

35  200 

28  414  000 

39 

" 

" 

180 

19  500 

.584 

•    .029 

.0297 

35  000 

27  182  000 

40 

" 

" 

" 

192 

18  000 

.616 

.017 

.0336 

34  400 

29  160  000 

Tbe  above  four  beams  were  rolled  from  the  same  ingot. 

41 

Iron 

10-inch  3Iljeam. 

9  24 

149.5 

156 

16  000 

.297 

.006 

.0185 

25  000 

28  597  000 

42 

9.24 

149.5 

168 

15  000 

.3655 

.0185 

.0239 

25  300 

27  647  000 

43 

9.10 

149.1 

180 

14  000 

.408 

.0145 

.0288 

25  400 

28  138  000 

44 

" 

9.17 

148.41 

192 

12  500 

.449 

.0145 

.0345 

24  300 

28  799  000 

Numbers  41  and  42  were  rolled  from  the 

same  pile. 

45 

Mild  steel.. 

12-inch  1  beam.'     11.59 

264.7 

240 

24  500 

.915 

.0255 

.0366 

33  400 

29  727  Ono 

46 

11.72 

267.6 

240 

24  200 

.869 

0205 

.0350 

32  500 

30  749  000 

47 

11.99 

273.8 

228 

22  000 

.6975 

.0305 

27  500 

29  568  000 

48 

11  55 

263.7 

216 

29  000 

.8065 

034 

.0273 

35  600 

29  164  0(iO 

49 

11.24 

256.7 

204 

27  000 

.65 

.0228 

32  100 

30  219  000 

50 

'; 

11.29 

257.8 

192 

34  000 

.6675 

026 

.0189 

38  000 

30  030  000 

51 

11.50 

262  6 

192 

34  000 

.6765 

0415 

.0189 

37  300 

29  709  000 

52 

11.49 

262.4 

180 

36  700 

.601 

0375 

.0164 

37  700 

28  234  000 

53 

11.56 

264.0 

168 

38  000 

.5205 

0335 

.0135 

36  300 

27  717  000 

54 

11.46 

261.7 

15G 

43  000 

.4655 

014 

.0105 

38  400 

28  784  000 

55 

Iron   

16.21 

357.0 

240 

22  000 

.6605 

037 

.0290 

22  200 

27  818  000 

56 

11  73 

267.8 

228 

20  500 

.703 

042 

.0314 

26  200 

29  364  000 

57 

16  42 

361.6 

216 

25  000 

.568 

.0220 

22  400 

26  392  000 

58 

12,20 

278.6 

204 

23  000 

.5675 

035 

.0235 

25  300 

27  015  000 

59 

.1 

11.71 

267.4 

180 

23  500 

.3985 

008 

.0168 

23  700 

27  046  000 

GO 

" 

12.27 

280.2 

168 

25  500 

.3395 

009 

.0131 

22  900 

26  912  000 

The  moment  of  inertia  was  calculated  for  each  section,  in  accordance  with  actual  measurements.  The  flanges  were  wider 
on  some  beams  than  on  others  having  nearly  the  same  sectional  areas,  which  accounts  for  some  Keeming  inconsistencies  between 
moments  of  inertia  and  sectional  areas  for  different  beams. 
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7"  St^el  Beams,  from  Same  Original  Beam. 


No.  15.  ?  Bulb  up. 

No.   16.   T^BULB   DOWN. 

Pressure,  in 
Lbs. 

Deflection, 
in  Indies. 

Permanent 
Set,  in  Ins. 

Pressure,  in 
Lbs. 

Deflection,  ' 
in  Inches. 

! 

Permanent 
Set,  in  Ins. 

5  000 
10  000 
15  000 
20  000 
22  000 
24  000 
26  000 
28  000 
30  000 
32  000 
34  000 

.043 
.084 
.129 
.187 
.217 
.242 
.276 
.308 
.378 
.543 
Ultimate. 

.0 

.002 

.015 

.040 

.055 

.068 

.089 

.117 

.176 

.328 

1 

5  000 
10  000 
15  000 
20  000 
22  000 
24  000 
26  000 
28  000 
30  000 
32  000 
34  000 

.040 
.078 
.113 
.158 
.169 
.191 
.211 
.240 
.305 
.540 
Ultimate. 

.0 

.0 

.0 

.001 

.006 

.010 

.017 

.038 

.098 

.319 

7"  Iron  Beams,  cut  from  Same  Original  Bar. 


No.  29.   ^  Bulb  up. 

No.  30. T^ Bulb  down. 

Pressure,  in 
Lbs. 

Deflection, 
in  Inches. 

Permanent 
Set,  in  Ins. 

Pressure,  in 
Lbs. 

Deflection, 
in  Inches. 

Permanent 
Set,  in  Ins. 

5  000 

.055 

.0 

5  000 

.039 

.0 

10  000 

.094 

.0 

10  000 

.080 

.0 

15  000 

.139 

.008 

15  000 

.118 

.0 

20  000 

.215 

.052 

20  000 

.200 

.042 

22  000 

.239 

.061 

22  000 

.221 

.050 

24  000 

.319 

.122 

24  000 

.230 

.068 

26  000 

Ultimate. 

26  000 
28  000 

.539 
Ultimate. 

.362 
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Efficiency  of  Steel  Beams. 

The  foregoing  experiments  show  that  the  elastic  limits  for  tensile  and 
compressive  stress  for  each  particular  grade  of  steel  respectively,  are 
nearly  equal  per  unit  of  section,  and,  as  might  be  expected,  the 
transverse  resistance  is  approximately  proportionate  to  the  longitudinal 
resistance .  The  average  results  of  all  tests  for  elastic  limit  and  trans- 
verse resistance  are  summarized  in  table  No.  5,  which  tend  to  prove 
that  the  strength  of  the  material,  as  indicated  by  tensile  test,  will  serve  as 
a  comparative  measure  of  the  absolute  strength  of  beams  of  iron  or  either 
grade  of  steel .  But  as  the  transverse  elasticity  of  the  different  materials 
is  practically  alike,  beams  of  iron  or  either  grade  of  steel,  and  of  the 
same  lengths  and  sections,  will  deflect  alike  under  equal  loads  below 
the  elastic  limit  of  iron . 


TABLE  No.  5. 

SuMMAEY   or   Experiments   on   the   Strength   and  Elasticity  of  Iron  and 

Steel. 

POUNDS   per   square   INCH. 


Ultimate  tensile  resistance 

Tensile  resistance  at  the  elastic  limit. 

Compressive  resistance  at  the  elastic 
limit 

Ultimate  elongation   per    cent,  in    8 
inches 

R 

Ri 

-p  ( least 

in  tension  1  ° 

( average 

■p,  ( least 

}  greatest  

m  compression  I  ^^^^^gg 

-g  ( least 

•     r.      js'        i  greatest 

mbending  |  g^^.^ge 


Hard  Steel, 
.36  Carbon. 

100  900 

56  700 

55  700 

17.5 

80  200 

54  300 

28  570  000 
30  000  000 

29  280  000 

18  182  000 
30  770  000 
24  570  000 

27  008  000 

28  037  000 
27  163  000 

Mild  Steel, 
.12  Carbon. 


63  400 
39  400 

36  800 


23.6 

52  900 

39  450 

27  030  000 
32  780  000 
30  135  000 

15  132  000 
24  490  000 

20  478  000 

18  765  000 
32  930  000 
29  758  000 


Iron. 


50  800 
31200 

29  400 

19.7 
44  800 

30  960 

27  270  000 
29  400  000 

28  416  000 

20  000  000 
35  300  000 
27  093  000 

19  164  000 
33  631  000 
27  663  000 
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Tests  of  Struts. 

The  experiments  on  the  resistance  of  struts  were  made  on  flat-ended 
angle  and  beam  sections.     Tables  Nos.  6  and  7. 

The  bars  were  prepared  in  the  same  manner  and  the  experiments 
conducted  precisely  as  described  in  the  paper  on  "  Wrought-Iron 
Struts,"  Transactions  for  April,  1884:,  which  can  be  referred  to  for 
more  complete  details  of  the  methods  adopted,  and  the  basis  on  which 
the  calculations  of  the  tables  have  been  made . 

Keferring  to  table  No.  6,  tests  of  mild  steel,  the  3-inch  I  beams,  Nos. 
26  and  27,  were  not  rolled  from  the  same  ingot.  No.  26  was  known  to 
be  from  a  Bessemer  ingot,  very  soft  steel,  probably  not  exceeding  .10 
carbon.  The  record  of  No.  27  is  not  definitely  known;  it  may  have 
been  higher  in  carbon  than  No.  26.  The  resistance  of  No.  26,  however, 
was  abnormal,  as  an  iron  beam  of  the  same  length  and  section  exceeded 
it  in  resistance,  as  exhibited  near  the  foot  of  table  No.  6. 

The  three  angle  struts,  Nos.  10,  22  and  24,  were  cut  from  the  same 
original  bar;  their  resistance  exceeded  that  of  the  other  mild  steel  struts, 
which  induced  a  suspicion  that  the  steel  was  harder  than  the  average. 
A  piece  from  one  of  these  bars,  when  chilled  from  a  red  heat  in  water  of 
80°  F.,  cracked  when  bent  90^^.  A  tensile  test  of  the  same  (marked  No. 
10  on  table  No.  1)  showed  an  ultimate  tenacity  of  66  000  pounds 
and  elastic  limit  of  44  500  pounds  per  square  inch;  submitted  to  chemical 
analysis,  it  proved  to  contain  .15  per  cent,  of  carbon. 

The  experiments  on  direct  tension  and  compression  prove  that  the 
elastic  limits  of  steel  of  any  particular  grade  are  practically  equal  per  unit 
of  section,  for  either  direction  of  stress. 

A  similar  equality  is  known  to  obtain  approximately  with  iron.  Con- 
sequently, for  the  shortest  struts,  in  which  failure  results  entirely,  or 
nearly  so,  from  the  effects  of  direct  compression,  the  tensile  resistance 
of  either  material  will  serve  as  a  comparative  measure  of  the  strut  resist- 
ance .  The  limited  capacity  of  the  testing  machine  prevented  experi- 
ments on  struts  of  this  class  of  any  substantial  magnitude;  but  single 
experiments  on  small  specimens  having  a  ratio  of  length  over  radius 
of  gyration  of  20,  gave  resistances  of  about  50  000,  70  000  and  100  000 
pounds  per  square  inch  for  iron,  mild  steel  and  hard  steel  respectively, 
which  are  values  roughly  approximate  to  the  ultimate  tenacities  of  the 
materials.     But  as  struts  increase  in  length,  the  lateral  stiffness  of  the 
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material  becomes  a  factor  of  increasing  importance  in  determining  the 
stability  of  the  strut . 

It  has  been  shown  that  the  transverse  elasticity  of  either  grade  of 
steel  does  not,  on  an  average,  vary  much  from  that  of  iron . 

The  tendency,  therefore,  will  be  for  struts  of  steel  and  iron  to  ap- 
proximate towards  equality  of  resistance  as  the  lengths  are  increased. 
The  mild  steel  will  be  the  first  to  fall  to  equality  with  iron,  and  the  ex- 
periments show  that  practical  equality  between  the  strut  resistances  of 
these  two  metals  will  be  reached  when  the  ratio  of  length  to  least  radius 
of  gyration  is  about  200  to  1 .  At  this  point  the  hard  steel  has  still  an 
advantage  in  strength  over  the  other  materials  of  about  22  per  cent . 

It  is  altogether  probable  that  the  strut  resistance  of  hard  steel  would 
fall  to  practical  equality  with  iron  at  some  higher  but  unknown  ratio  of 
length  to  section,  a  ratio,  however,  which  would  be  beyond  the  bounds 
of  practice .  The  appended  table  gives  ultimate  strut  resistances  for  the 
mild  and  hard  steels,  for  ratios  of  length  over  radius  of  gyration,  varying 
from  20  up  to  300.  For  the  purpose  of  comparison,  the  resistance  of 
angle  iron  struts  is  inserted,  which  is  the  same  shape  of  section  as  the 
steel  experimented  upon,  and  is  taken  from  table  No.  9,  page  116,  Trans- 
actions for  April,  1884. 

The  diagrams,  Nos.  6  and  7,  Plates  XXXV  and  XXXVI,  are  graphi- 
cal exhibits  of  the  tests  of  mild  and  hard  steel .  The  numbers  on  the 
diagrams  indicate  the  test  referred  to  by  corresponding  numbers  on 
tables  Nos.  6  and  7 . 

Diagram  No .  8,  Plate  XXXVII,  represents  the  resistance  curves  of 
iron  and  the  two  grades  of  steel,  the  curve  for  iron  being  taken  from 
diagram  No.  1  for  flat-ended  angle  struts  in  Transactions,  April,  1884. 

It  is  probable  that  the  two  grades  of  steel  which  formed  the  subjects 
of  the  experiments  will  prove  the  extremes  from  soft  to  hard  that  will 
be  used  either  as  beams  or  struts,  and  it  is  a  reasonable  inference  that  in- 
termediate grades  of  steel  will  prove  intermediate  in  resistance  between 
these  extremes  in  the  ratio  of  the  carbon  percentages. 


Remakks. 


( Same  as  No.  10  on  table 
I     No.l. 


No  failure  with  50  000  lbs. 


(Same  bar  as  No.  10  re- 
\     duced  in  section. 


( Same  bar  as  No.  10  re- 
(     duced  in  section. 

[Rolled    from     different 
ingots. 


!  60  and  61  cut  from  same 
r     bar. 


TABLE  No.  G. 
MiiiD  Steel — Flat-ended  Struts. 


No. 

Shape. 

Size, 
in  Inches. 

Length, 
in  Inchee. 

Area,  in 
Square 
lucheB, 

1.9 
1.9 

1.8 

1.81 

2. IN 

2.21 

2.21 

2.25 

1.86 

1.21 

1.22 

1.24 

1.24 

1.22 

.98 

.97 

.74 

.74 

.61 

.01 

.60 

.18 

.59 

.17 

.15 

1.77 

1.77 

1.68 

2.06 

2.06 

1.15 

1 

Ultimate 
Resist- 
ance. 
Lbs. 

15  020 
17  260 
■J5  615 
40  800 
20  765 
17  290 
32  080 

27  820 
10  790 
31  700 

28  275 
12  710 
12  610 

Ultimate 

Bosist- 

unoe. 

Lbs.  per 

Sq.    Inch. 

7  896 
9  081 

11  230 
26131 

9  625 
21  101 
11321 

12  361 
5  800 

25  660 
23  176 
31113 
31  300 

( 

The  upper  flguros  rnpresent  priwsures  in  lbs. 

The  figures  below  are  the  lateral  dofleotlons  in  inches. 

Permanent 
Bet. 

BSIUBKS. 

182. 

169.* 

132.1 

81.4 

168.5 

133.6 

151.  S 

182.6 

182. 

81.2 

81.3 

12.3 

11.1 

24.1 

21.3 

21.1 

18.1 

16.6 

10.6 

7.9 

21. 

23.9 

20.1 

19.9 

4. 

81.2 

84.2 

81.3 

116. 

139.2 

89.2 

303  { 
282  j 

220  { 
HI  j 
211  1 
191  1 

221  { 
261  j 
321  } 
169  { 
169  1 

85  { 
83  j 
20 
61  { 
60  { 
58  1 
51  1 
11 
30 

125) 
120 
105 
100 
20 
159  { 
169  j 
159  { 
207  j 
199  { 
198  j 

6  000 

.19 
10  000 

.12 
6  000 

.19 
18100 

.00 
SOUO 

.28 
5  000 

.09 
SOOO 

.00 

5  000 
.00 

6  000 
.31 

1960 

.02 
1880 

.00 
6  200 

.00 
6  200 

.00 

10  000 
.31 

15  000 

.60 
10  000 

.28 
27  600 

.02 
lOOnO 

.66 
10  000 

.13 
10  000 

.10 
10  0011 

15  000 
1.03 

J         .56 
}        .12 

1        - 

!     .37 
1.37 

}         .56 
{         Bl 
}        .00 

I 

1 

Anglo  3   X    3    X   ,v 
••      3%  X  3>i  X  li 

"i 

15  000 
.14 

36  800 
.01 

16  000 
.78 

25  000 
.13 

15  009 
.16 

20  000 

.02 
16  000 

.20 

20  000 

1.37 

30  000 

.16 
20  000 

.22 
20  000 

.13 

iVsio' 

.01 
19  520 

.12 
21800 

.03 
21800 

.03 

25  000 
1.03 

48  800 
1.19 

!) 

t 

.*> 

6 

7 

■f 

I 
Angle 

3X  X  3J,-  X  ,V 
2H  X  2i5  X  •„ 

i)i  X  2J     X  -i 

2      X  2      x>i 
1«  X  IJi  x>i 
i;i  I  m  X  >i 
1       XI       XH 

1          X    1          X    (4 

1       X  1       X  i  J 
1      X  }5     X  >i 
1        X  1        X>i 

3' '  beam 

Iron  1 
3}i  X  3Ji  X  A 

2'4  X  2)i  X  Jj 

i)  666 

.19 

25  000 
.38 

25  000 
.25 

"21  800 " 

.01 
21 100 

.19 
31000 

.05 
31000 

.04 

10  000 
.22 

30  000 
.66 

45  000 
.38 

8 

.06 

.10 

9 
10 
11 
12 
13 
U 
15 
16 
17 
18 
19 
20 

lOOOu 

1.16 

9  920 

.02 

9  760 

.03 

12  100 

.01 

12  100 

.01 

11  880 ' 

.02 
11610 

.07 
18  000 

.02 
18  600 

.03 

'29  760 

.10 

28  200 

1.91 

37  200 

.08 

37  200 

.08 

3V766' 
.20 

( Same  as  No.  10  on  table 

) 

(     No.  1. 
No  failure  with  50  OOO  lbs. 

39  915 
19  820 
32  710 
29  736 

28  875 
27  115 
19  175 
17  236 
19  035 
19180 
32  710 
35  000 
44  900 
39  575 
25  210 
38  800 

29  580 

10  803 

14  098 
41  382 
40  400 

17  336 

15  711 
31938 
35  906 
33  280 
11417 
72  688 

19  780 
25  360 
23  650 
12  238 

18  835 

20  100 

1  900 

.00 
1900 

.00 
3  600 

.00 
3  700 

.00 

6  000 

.02 
6  000 

.00 
5  000 

.02 
5  000 

.01 

29  000 

.01 
9  700 

.01 
25  800 

.01 
25  800 

.01 

10  000 

.03 
10  000 

.01 
10  000 

.02 
10  000 

.02 

34  000 

.02 
29  000 

.02 
29  5U0 

.02 
29  600 

.07 

15  000 

.04 
15  000 

.01 
15  000 

.03 
15  0O0 

.03 

39  000 
.06 

38  000 
.03 

j         .56 

.56 

I        .60 

1         .56 

•>A 

r> 

?.t 

•n 

Same  bar  as  Xo.  10  re. 
duced  in  section. 

3  540 
.00 

3  610 
.00 

8  400 
.01 

5  0U0 
.22 

6  000 
.00 

6  000 
.03 

8  850 

.01 
28  320 

.01 
10  800 

.02 
10  000 

.34 
10  000 

.16 
10  000 

.06 

11160 

.06 
35  400 

.02 
13  440 

.03 
15  000 

.47 
15  000 

.22 
15  000 

.09 

21210 

.09 
42  480 

.15 
20  160 

.06 
20  0(]0 

.60 
20  900 

.25 
20  000 

.12 

28  320 

.16 

41900 

2.06 

26  880 

.07 

26  000 

1.16 

26  000 

40 

25  000 

.16 

35  000 
1.14 

ingots. 

27 

28 

33  600 
.10 

1 

61 
62 

30  000 
.50 

35  000 
.65 

f     bur. 
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Remarks. 


3l. 


same  bar  as 
,  table  No.  4. 


TABLE  No.  1. 
Hard  Steel — Flat-ended  Struts. 


Size, 
in  Inches. 

Length, 

Area,  In 

Ultimate 
RealHt- 
auce. 
Lbs. 

Ultimate 
Reeiet- 

I 

Tlio  upppr  flKures  represent  presaurea  In  lbs. 

Per- 

nent 
Set. 

So. 

31i»pe. 

1: 

n  Inches. 

Square 
Ibches. 

Lbe.  pel* 

— 

Thii  fluurea  below  are  the  lateral  defleutionB 

iu  inclii'S. 

Rbmabbb. 



Sq.  Inch. 

6  000 

20  000 

25  000 

30  000 

35  000 

1    ,n 

30 

ingle. 

J5<  I  3H  X  X 

166. 

2.42 

39  200 

lu  198 

221  { 

.OU 

.03 

.06 

.13 

.16 

}.12 

m  X  3«  I  H 

176.5 

2.28 

25  125 

11  018 

262  j 

6  00IJ 
.37 

10  000 
.66 

15  000 
.72 

25  OOU 
1.60 

j.OO 

31 

6  000 

10  Ollll 

15  000 

20  Ollll 

'  '25  c66 

30  OOU 

}.19 

33 

169. 

2.2 

32  015 

14  r.,5-2 

239  j 

.22 

.28 

.34 

.37 

.47 

.63 

S3 

3     X  2«  I  K 

176.5 
181.2 

2.2 
1.9 

23  975 
17  90O 

10  900 
9  421 

271  i 
302  j 

5  001) 
.00 

5  000 
.06 

10  OOil 
.09 

10  000 
.13 

15  000 
.25 

15  000 
.28 

20  000 
.50 

}  .00 
}  .00 

M 

:::::::: 

3     i3      lii 

169.6 

2.04 

22  200 

10  882 

283  { 

5OOIJ 

.16 

7  100 

10  OOU 

.16 

U  200 

15  000 

.16 

21  300 

'20060 

.94 

28  400 

J. 10 

36 

35506 

"42666' 

36 

3     xS      I  « 

84.4 

1.42 

49  580 

34  916 

140  j 

.01 
7  100 

.02 
14  200 

.0:) 
21  300 

.05 
28  400 

.Oil 
35  500 

.18 

42  000 

ST 

84.3 

1.42 

44  680 

31  46.) 

140  j 

.01 

7  100 

.01 
14  200 

.02 
21  300 

.05 
28  400 

.09 
35  500 

.24 
42  600 

38 

*' 

78.2 

1.42 

47  626 

33  468 

130  { 

.OS 

.07 

.12 

.17 

.24 

.39 

2Hi!Sil='  Ji 

181.2 

1.86 

14  460 

7  774 

322  j 

5  000 

.19 

5  OIlO 

10  Olio 

.28 

10  000 

}.06 
(.06 

39 

16  066' 

25'  066 

35' 666 

'40' 666 

40 

ly,  1 2j<  X  ^ 

84.6 

1.69 

42  200 

24  970 

109  { 

.09 

.12 

.15 

.21 

.34 

.46 

5  001 

10  Olio 

15  000 

20  000 

25  000 

30  000 

1     .1 

11 

2)i  I'iiil'A 

84.7 

1.63 

34  460 

22  523 

188  j 

.03 
4  280 

.06 
8  6C0 

.011 
12  810 
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J. 41 
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FLAT-ENDED  STRUTS. 


Of  anofle  section. 


Ultemate  Resistance  in  Pounds  Per  Square  Inch  of  Section. 


\ 


Length  Divided  by  Least 
Radius  of  Gyration. 

Iron. 

Mild  Steel. 

Hard  Steel. 

20 

49  000 

72  000 

100  000 

30 

51  000 

74  000 

40 

40  000 

46  000 

65  000 

50 

43  000 

61  000 

60 

35  000  * 

41  000 

58  000 

70 

39  000 

56  000 

80 

32  000 

38  000 

54  000 

90 

36  500 

51000 

100 

29  000 

35  000 

47  000 

110 

33  500 

43  500 

120 

26  000 

31  500 

40  000 

130 

29U00 

36  500 

140 

23  500 

27  000 

33  500 

150 

25  000 

30  800 

160 

21  000 

23  000 

28  300 

170 

21  000 

26  000 

180 

19  000 

19  500 

23  800 

190 

18  000 

21  800 

200 

16  500 

16  500 

20  000 

210 

15  200 

18  400 

220 

14  000 

14  000 

16  900 

230 

13  000 

15  400 

240 

12  000 

12  000 

14  000 

250 

11100 

12  800 

260 

10  500 

10  300 

11800 

270 

9  600 

11000 

280 

9  000 

9  000 

10  200 

290 

8  400 

9  500 

300 

7  500 

7  900 

9  000 
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ANALYSES  OF  STEEL. 

The  Numbers  of  Experiments  and  Tables  refer  to  Corresponding  Num- 
bers IN  Previous  Tables,  where  Physical  Tests  of  the  same  Specimens 
ARE  Eecorded. 


No.  Qf 
Experiment. 

No.  of 
Table. 

Specimen. 

Carbon. 

Silicon. 

Manga- 
nese. 

Specific  Gravity. 

15 

1  and  4 

'"1 

.15 

.038 

.65 

(bulb  =7.856 
jweb     =7.775 

20 

4 

8-1 

.16 

.028 

.67 

19 

18 

1  and  4 

<  ( 

-       I. 

.11 
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.058 
.034 

.49 
.63 

j  flange  =  7.834 
]  web  =7.943 
jbulb  =7.864 
]web     =7.827 

12 

4 

5'? 
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.034 

.69 

7.84 

14 

" 

6"! 

.15 

.036 

.69 

7.855 

Same  steel  1 
as  3  and  6   \ 

3 

6"! 

.35 

.074 

.85 

7.8 

37  to  40 

4 

10"  I 

.12 

.030 

.65 

7.808 

54 

4 

12"I 

.15 

.054 

.70 

j  flange  =  7.848 
■jweb      =7.914 

60-61 

6 

3^"  angle 

.19 

.027 

.72 

7.84 

43 

7 

2"      - 

.36 

.076 

1.12 

7.84 

62) 

6 

W      " 

.12 

.041 
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7.86 

10) 

22  y 
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6 

2i"       " 

.15 
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CCLXXXVII. 

(Vol.    Xin.— September,  1884.) 

DISCUSSION   ON 

[THE    STEENGTH    OF    WROUGHT    lEON    STRUTS, 
AND  ON  THE  STRENGTH  AND  ELASTICITY 
OF    STRUCTURAL    STEEL    AND    ITS 
EFFICIENCY  IN  THE  FORM  OF 
BEAMS    AND    STRUTS.^ 
Discussion  by  Onward  Bates,  Alfeed  P.  Bollee,  E.  A.  Fueetes, 
Geoege  H.  Pegeam,  G.  Bouscaeen,  Theodoee  Coopee,  L.    L.  Buck, 
WiLiiiAM  H.  BuER,  T.  C.  Claeke,  Heney  R.  Towne,  E.  B.  Doesey, 
Edwaed  p.  Noeth,  C.  0.  Schneidee,  PERcrvAii  Roberts,  Je.,  William 
J.  Mc Alpine,  O.  E.  Michaelis,  and  James  Gheistie. 


Onwaed  Bates,  M.  Am.  Soc.  C.  E. — This  paper  f  records  a  series  of 
experiments  of  great  value  to  the  profession,  and  particularly  to  those 
members  engaged  upon  the  design  of  wrought  iron  structures.  Without 
such  experiments  I  could  not  have  realized  the  importance  of  placing  the 
centre  line  of  pressure  coincident  with  the  centre  of  strut.  If  this  could 
be  done  with  perfect  accuracy,  a  round-ended  strut  would  be  as  good  as 

*  Papers  by  James  Christie,  M.  Am.  Soc.  C.  E.,  No.  CCLXXIX,  page  85  (April,  1884),  and 
No.  CCLXXXVI,  page  253  (August,  1884),  Vol.  XIII. 

t  Referring  to  Paper  CCLXXIX,  The  Strength  of  Wrought  Iron  Struts. 
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a  flat-ended  one.  We  cannot  rely  upon  obtaining  this  condition  in  prac- 
tice, but  we  may  profit  by  studying  the  effect  produced  by  a  departure 
from  it.  The  results  of  these  tests  strengthen  my  belief  of  the  unsafe- 
ness  of  many  of  our  iron  bridges,  and  that  they  do  not  fall  down  for  the 
reason  they  are  never  loaded  to  their  nominal  capacity.  The  methods  of 
securing  the  ends  of  such  struts  are  in  practice  so  various  that  I  am  un- 
able to  make  from  these  experiments  a  table  of  safe  loads  for  them. 

The  experiments  are  none  the  less  valuable  as  giving  us  the  funda- 
mental knowledge  required,  and  I  trust  will  lead  to  further  tests  of  full- 
sized  specimens,  such  as  are  commonly  used. 

The  variations  of  strength  shown  in  the  same  strut,  with  different  end 
bearings,  are  so  great  as  to  shake  confidence  in  the  unit  strains  usually 
allowed,  and  in  working  from  the  tables  I  would  take  the  least  results  in 
preference  to  the  average  ones. 

The  tests  are  made  upon  selected  specimens,  straightened,  and  with 
more  care  bestowed  on  end  bearings  than  it  is  practicable  to  obtain  in 
actual  work.  In  the  latter,  flat  ends  rarely  have  a  perfect  bearing,  pins 
have  play  in  the  holes,  and  fixed  ends  are  usually  made  by  rivets  through 
a  flange  or  web  without  end  bearings;  the  metal  is  placed  as  well  with 
reference  to  convenience  of  fitting  as  to  the  radius  of  gyration,  and  there 
are  frequently  bends  and  initial  strains  caused  by  imperfect  fits  of  the 
members  of  a  structure. 

With  our  present  knowledge  of  the  strength  of  struts  under  different 
conditions,  the  only  safe  practice  is  that  of  low  unit  strains  correspond- 
ing to  the  lowest  results  of  recorded  tests.  This  becomes  so  much  a  mat- 
ter of  opinion  that  great  differences  in  strut  sections  frequently  occur,  to 
the  detriment  of  the  best  practice.  Struts  of  small  section  have  not  re- 
ceived the  same  experimental  attention  as  heavy  posts  and  columns,  and 
yet  are  fully  as  important.  My  discussion  has  become  a  plea  for  a 
continuation  of  Mr.  Christie's  experiments,  the  value  of  which  I  cannot 
overestimate. 

Alfred  P.  Bollee,  M.  Am.  Soc.  C.  E.  —  We  have  to  thank  Mr. 
Christie  for  doing  some  very  thorough  work,  as  far  as  it  goes,  and  of 
illustrating  still  further  how  little  knowledge  we  have  of  the  compressive 
resistance  of  iron.  Gordon's  formula  will,  of  course,  go  through  some 
more  variations,  in  the  light  of  these  later  results.  What  these  varia- 
tions can  be  made  to  be,  I  will  leave  for  other  to  discuss,  simply  express- 
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ing  my  conviction,  that  the  more  experiments  we  have  in  this  direction, 
the  greater  will  be  the  difficulty  of  arriving  at  any  satisfactory  relations 
of  Gordon's  or  any  other  formula  for  the  strength  of  struts.  Any  for- 
mula expressing  a  curve  must  be  obedient  to  some  law,  and  to  discover 
any  law  in  the  charted  results  of  Mr.  Christie's  experiments  would  puz- 
zle the  acutest  mathematician  of  this  or  any  other  age.  It  is  true,  Mr. 
Christie  has  cut  in  a  curve  avoiding  Scylla  on  one  side  and  Charybdis  on 
the  other,  and  in  a  general  way  indicates  the  rising  or  falling  values  of 

— .      What  law,  if  any,  this  curve  follows,  I  am  unable  to  say,  but  it  is 

very  apparent  that,  at  best,  it  will  yield  only  approximating  values.  The 
experimental  results  platted  in  relation  to  this  curve,  are  spotted  very 
much  like  the  stars  above,  and  with  about  as  much,  or  as  little,  regularity, 
and  this,  too,  from  specimens  apparently  cut  from  the  same  bar.  To 
bring  out  more  clearly  the  anomalies  shown  by  these  experiments,  I  have 
platted  the  flat  end  **tees"  and  "angles"  on  separate  charts,  hereto 
annexed,  Plate  XXXVIII. 

Mr.  Christie's  experiments  have  come  nearer  a  series  than  anything  I 
have  seen,  but  I  regret  that  while  he  was  about  it  he  did  not  carry  out  a 
series  of  experiments  in  each  special  size  and  weight  of  section,  say  at 
least  a  dozen,  with  lengths  varying  with  a  uniform  progressive  move- 
ment, say  6  inches  for  the  lighter,  and  12  inches  for  the  heavier  sections. 
This  would  give  as  absolute  knowledge  as  we  are  ever  likely  to  get, 
and  settle  for  all  time  the  exact  value  of  such  special  forms  of  sections. 
In  the  experiments  on  flat-ended  "  tees,"  we  have: 

3  Exp'ts  on  3     X  3    tees,    6^,  8,  and  15   feet  in  length. 

4  "        "2^X2^      "     3i,  5,    6^,  and  8  feetlin  length. 

10       '*        *'   2    X  2       "       i,  1,  IJ,  2,  Si,  5,  6^,  8  and  15  feet  in  length. 
12       '*        "  U  X  U     "       h  1,  IL  2,  3i,  5,  6i        *'     8     "     " 
9       '*        ^'1     X  1       "       i,  1,  Ih  2,  3^  5,  6^         "     8     "     " 

In  the  chart  of  these  experiments  some  very^curious  results  are  to  be 

noticed.     For  all  the  values  of  -      between  100  and  175,  the  small  sec- 

r 

tion  1^  X  I2  shows  the  strongest  strut,  excepting  the  3X3,  and  even 
exceeds  that  section  between  145  and  175.  The  irregularity  of  the  con- 
necting lines  of  resistance  is  very  great,  defying  the  application  of  any 
formula  to  them.     Moreover,  sections  of  the  same  size  and  length  vary  in 
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ultimate  strength  in  a  most  discouraging  way,  as  shown  in  the  case  of 
the  three  experiments  on  1  ^  tees  6  inches  long,  which  failed  at  49  300, 
45  800  and  55  000  pounds  respectively.    The  chart  of  the  flat-ended  angles 
exhibits  the  same  anomalies  even  in  a  higher  degree,  when  the  1x1 
angles  exhibit  a  greater  resistance  than  the  2x2  and  2^  x  2^,  between 
30  and  185.     The  inequality  of  the  2  X  2  is  extremely  marked.     There 
are  not  enough  experiments  on  the  other  sized  angles  to  insert  in  the  dia- 
gram. Further,  as  in  the  case  of  the  tees,  angles  of  same  size  and  ratio  show 
great  differences  in  ultimate  strength.      It  is  fair  to  assume  that  the  other 
experiments,  when  platted,  would  exhibit  similar  incongruities,  and  it  is 
difficult  to  account  for  them.     The  experiments  were  evidently  made 
with  the  greatest  care,  and  ought  to  be  repeated  on  some  other  machine. 
The  recorded  results  yielding  greater  strength  for  light  sections  than  for 
heavy,  is  an  important  truth,  if  true,  and  will  remodel  the  basis  of  engi- 
neering designs  in  a  most  remarkable  way,  and  completely  overturn  all 
preconceived  ideas  on  the  strength  of  structures.     If  strength  increases 
with  reduction  of  sections,  engineers  will  eventually  be  able  to  rival  the 
famous  horse  that  was  brought  down  to  an  oat  a  day;  but  a  limit  had  to 
be  established  somewhere — so  the  horse  put  it  at  that  single  oat  and  died. 
In  an  appendix  Mr.  Christie  gives  the  tensile  and  compressive  results  in 
short  specimens,  round  and  square  iron,  one  experiment  each.     The  for- 
mer yields  results  in  fair  harmony  with  previous  experiments,  but  the 
latter  failed  (by  elastic  limit)  at  32  000  pounds  per  square  inch  for  square 
iron  and  22  000  pounds  for  round  iron.     In  each  case  all  precautions  had 
evidently  been  taken  to  prevent  lateral  flexure,  and  allow  free  play  to 
axial  bulging.  The  working  tables,  Nos.  9  and  10,  of  averages  given  by  Mr. 
Christie,  are  averages  from  discordant  results,  and  a  mixture  of  all  sec- 
tions, and  while  instructive  as  to  the  relative  effect  of  flat  end,  fixed, 
hinged  and  round  ends,  the  absolute  values  must  be  taken  with  a  large 
margin  of  allowance.     The  whole  series  of  experiments,  which  represent 
so  much  care,  labor  and  devotion,  only  still  further  point  to  the  absolute 
necessity  of  compressive  tests  on  a  great  scheme,  and  the  Watertown  au- 
thorities could  do  no  better  service  than  to  devote  their  machine  to  such 
work,  and  establish  the  w.orking  value  of  all  forms  of  struts  and  compres- 
sive members  used  in  the  art  of  construction.     In  my  judgment,  no  for- 
mula will  ever  give  satisfactory  results,  and  dependence  must  be  placed 
upon  experimental  charts,  which  will  express  extreme  values  for  all  sec- 
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tions  referred   to  — ,  progressively  determined.     Isolate      experiments 

give  very  little  information,   further  than  the  value  of  the  particular 
piece.    Table  No.  7  gives  the  following: 


4  exp 

1 

1 

4 

4 

4 


ts,  5-inch  channels,  3^,  6^,  5,  and  8  feet  long. 
"  15  feet  long. 

"  3^^,  5,  6^,  and  8  feet  long. 

3^,  5,  6|,    "   8     "      '' 
Si,  5,  6i,    "   8     "      " 


I 


1  6-inch  beam,  2  5-inch  beams,  and  2  4-inch  beams. 

Such  tests  are  insufficient  to  form  a  table,  or  determine  the  value  of 
intermediate  or  greater  lengths.  We  simply  learn  what  those  few  speci- 
mens bore. 

It  is  a  great  advance  when  we  discover  and  manfully  own  up  our  ig- 
norance; it  is  a  precursor  of  a  movement  toward  right  information,  and 
I  know  of  no  experiments  that  bring  this  home  more  forcibly  than  those 
of  Mr.  Christie — an  indebtedness  I,  for  one,  am  glad  to  acknowledge. 
There  is  no  department  of  engineering  that  has  not  common  ground 
with  every  other  in  this  important  branch  of  experimental  knowledge, 
and  united  effort  should  be  made  to  have  such  a  systematic  series  of 
experiments  instituted  as  will  settle  for  all  time  the  endless  uncertain- 
ties that  surround  the  whole  subject. 

E.  A.  FuERTES,  M.  Am.  Soc.  C.  E. — I  think  that  the  areas  of  cross- 
section  should  be  obtained  by  direct  measurement,  instead  of  deriving 
them  from  the  weight  and  length  of  the  bars,  especially  when  the  spe- 
cific gravity  of  the  material  is  not  determined.  There  are  far  less  mechan- 
ical difficulties  in  the  former  method,  with  special  advantages  that  are 
entirely  taken  for  granted  in  the  method  employed  ;  while  the  true  areas 
of  cross-section  are  important  elements  in  these  experiments. 

The  reason  why  an  accurately  centred  straight  bar  behaved  as  a  flat- 
ended  strut,  when  hinged,  must  be  due  to  the  friction  developed  by 
pressure  on  the  bearing  of  the  hinge  ;  and,  on  the  other  hand,  the  early 
failure  of  flat-ended  struts  was  due,  probably,  to  the  want  of  parallelism 
between  the  planes  of  the  extremities  of  the  bar ;  or  to  either  one  or 
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both  of  these  planes  being  warped  surfaces,  instead  of  perfect  and  par- 
allel planes. 

The  frequently  observed  behavior  of  bars  which  produced  rotation  of 
the  hinge  as  soon  as  loaded,  must  have  been  due  to  curvature  in  the 
axis  of  the  bar,  imperfect  centring,  or  the  reason  given  above.  The 
load  on  a  straight,  well-centred  bar  will  at  once  develop  friction  at  the 
hinge,  which  will  be  proportioned  to  the  normal  pressures  on  its  surface. 
When  the  resultant  of  these  pressures,  owing  to  flexure  in  the  bar, 
becomes  so  oblique  that  it  cannot  counteract  the  moment  of  the  friction, 
rotation  at  the  hinge  must  begin ;  and  soon  after  the  bar  must  spring 
suddenly  out  of  the  machine  if  its  elasticity  has  not  been  crippled;  the 
force  with  which  the  bar  will  spring  depending  on  the  elasticity  remain- 
ing in  the  bar  and  the  conditions  affecting  the  friction  of  motion  at  the 
hinge.  Lubricating  the  bearings  of  the  hinge  will  necessarily  lower 
the  limit  of  loading  at  which  the  springing  out  will  take  place.     »^ 

In  the  opinion  of  Professor  Church,  it  should  not  be  confidently  stated 
that  "the  deflection  under  these  conditions  more  resembled  that  of 
fixed-ended  than  of  flat-ended  specimens  ;"  for,  in  fact,  if  the  friction  of 
the  bearing  is  such  as  to  prevent  its  rotation,  the  experiment,  up  to  this 
point,  may  be  considered  as  not  being  made  on  a  hinge.  The  fact  that 
in  no  instance  could  the  springing  out  be  produced  by  round-ended 
struts  may  be  explained  by  the  fact,  that,  under  the  conditions  described, 
the  friction  at  the  hinge  does  not  exist  in  the  experiments  on  round- 
ended  bars  between  fixed  parallel  plates,  rolling  friction  only  being 
developed  as  the  points  of  contact  of  the  rounded  end  with  the  machine 
plates  shift  sideways  in  the  direction  in  which  flexure  takes  place.  The 
springing  out  may,  however,  take  place  if  the  radius  of  curvature  at  the 
ends  is  large  ;  and  the  tendency  to  spring  out  will  diminish  as  the  ends 
approach  a  semi-sphere ;  for  the  bar,  at  this  limit,  may  be  bent  180° 
without  disturbing  the  verticality  and  parallelism  of  the  lines  joining 
the  points  of  contact  of  the  plates  with  the  extremities  of  the  bars. 

When  a  bar  is  very  long  in  proportion  to  its  radius  of  gyration,  it 
will  fail  with  a  comparatively  light  load,  without  permanent  injury  to 
the  bar.  It  seems  to  me  proper  that  the  load  required  to  produce  failure 
under  these  conditions  should  be  given  a  name  other  than  ultimate 
load.  The  latter  term  should  be  restricted  to  its  admitted  bearing  on 
the  elastic  limit  of  the  material  acted  upon. 
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George  H.  Pegeam,  M.  Am.  Soc.  C.  E.— I  desire  to  emphasize  what 
Mr.  Christie  has  said  about  the  effect  of  eccentricity  of  stress,  or  the 
non-coincidence  of  the  axis  of  stress  with  that  of  the  member. 

Angles  and  tees  used  as  struts  in  practical  constructions  are  almost 
invariably  connected  with  pins  or  rivets  in  one  leg.  The  eccentricity  is 
thus  made  much  greater  than  that  existing  in  the  Pencoyd  experiments, 
and  the  reduction  of  strength  is  correspondingly  increased . 

To  illustrate  this  effect,  I  have,  in  the  absence  of  facilities  for  making 
a  compressive  test,  had  the  following  tensile  test  made: 

From  a  lot  of  angles,  of  which  specimen  tests  ranged  from  46  000 
to  50  000  pounds  per  square  inch,  a  4  x  4  x  |-inch  angle  was  taken  and  two 
4'  8"  lengths  cut  therefrom.  One  of  the  legs  of  one  of  these  pieces 
was  sheared  oj0f,  leaving  a  4- inch  by  |-inch  flat.  To  each  end  of  both 
pieces  a  4-inch  by  f-inch  flat  was  attached,  with  four  J -inch  rivets  at 
3-inch  pitch  in  the  centre  line  of  the  leg,  as  shown  in  the  following 
sketches : 


o    ©   o    o 

o    o    o    o 

/z" 

///i"3"'3V3">- 

Z'   w 

'  3"'3'^5"^/i 

'■       12." 

.'^   O     O     0     o 

o    o    o    o 

In  the  process  of  shearing,  the  flat  was  somewhat  bent  and  had  to  be 
cold-straightened;  barring  this,  the  conditions  of  the  pieces  were  as 
nearly  the  same  as  could  be  made.  The  grippers  of  the  testing  machine 
were  attached  to  the  4  x  |-inch  flats  and  the  pieces  pulled  apart. 

Both  pieces  broke  at  the  first  rivet,  the  flat  parting  at  once,  and  the 
angle  first  breaking  in  the  section  between  the  rivet  and  the  edge  of  the 
leg  and  then  gradually  tearing  apart.  The  ultimate  strength  of  the  flat 
was  40  100  pounds,  and  that  of  the  angle  23  030  pounds  per  square  inch 
of  net  section.  The  flat  would  doubtless  have  stood  more  but  for  the 
injury  done  in  straightening. 

In  a  compression  test,  the  difference  in  strength  would  be  much 
greater,  on  account  of  the  greater  tendency  to  distortion. 

I  should  have  some  hesitancy  in  presenting  an  isolated  test,  except  to 
illustrate  a  point,  but  its  accordance  with  previous  experiments  assures 
me  that  it  will  not  be  misleading. 

A  series  of  tests  made  with  the  same  thoroughness  as  those  which 
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Mr.  Christie  details,  in  which  the  angles  and  tees  are  made  to  bear  on 
one  leg,  would  be  especially  valuable. 

G.  BousOAKEN,  M.  Am.  Soc.  C.  E.— I  regret  very  much  that  I  cannot 
find  time  to  do  justice  to  this  interesting  subject.  I  can  only  say,  after 
a  hasty  perusal  of  the  paper,  that  my  own  experience     ^  Q 

in  that  line  confirms  the  results  of  Mr.  Christie's 
experiments  as  regards  pin-bearing  columns.  I  have 
found  that  the  ultimate  strength  of  such  columns 
is  always  in  excess  of  that  of  the  same  column  with 
rounded  ends  ;  the  excess  increasing  with  the  diam- 
eter of  the  pin  and  the  degree  of  close-fitting  of 
the  same.  I  observe  that  the  flat-bearing  struts  in 
Mr.  Christie's  experiments  were  generally  deflected, 
as  per  curve  A  B,  which  obtains  for  round-ended 
struts,  whilst  all  flat-bearing  posts,  which  I  have 
tried,  have  deflected,  as  per  curve  C  D,  which  ob- 
tains for  fixed-ended  posts.  To  my  mind  this  may 
be  attributed  to  the  small  diameter  of  the  struts  used 
by  Mr.  Christie.  »  D 

Theodore  Coopee,  M.  Am.  Soc.  C.  E. — The  experiments  made  by 
Mr.  Christie  upon  wought-iron  struts  are  a  most  valuable  contribution 
to  our  knowledge  of  the  strength  of  materials . 

In  addition  to  my  personal  knowledge  of  the  author's  careful  methods 
of  investigation,  the  tests,  as  reported,  bear  strong  internal  evidence  of 
having  been  made  with  extreme  care . 

The  method  of  carrying  out  complete  series,  with  difi'erent  end  con- 
nections, upon  iron  which  is  practically  identical  in  character,  has  vastly 
increased  the  value  of  the  results.  The  author  has  not  remained  satis- 
fied with  simply  noting  anomalous  results,  nor,  as  is  done  too  fre- 
quently, rejecting  them  entirely  as  non -reliable,  but  has  proceeded  upon 
the  true  scientific  method  of  varying  the  conditions  to  discover  why  the 
results  are  anomalous.  He  is  thus  able  to  show  conclusively  that 
slight  changes  in  the  direction  of  the  lines  of  applied  forces  produce 
great  changes  in  the  results .  By  interchanging  the  difierent  sizes  of 
ball  and  socket  joints  upon  the  same  bars,  he  proves  very  conclusively 
the  influence  of  the  size  of  such  connections  upon  the  compressive  resist- 
ance of  pivoted  end  struts. 
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By  carrying  his  series  far  beyond  the  limits  of  practical  ratios  of 
lengths  to  transverse  dimensions,  he  has  given  us  a  more  complete 
knowledge  of  the  action  of  struts  of  high  ratios  than  we  have  before 
possessed.  I  think  especial  credit  is  due  the  author  and  the  Pencoyd 
Iron  Works  for  the  complete  manner  in  which  these  tests  have  been  made, 
the  liberal  spirit  in  which  they  have  been  executed,  without  Government 
aid,  and  for  giving  the  results  freely  to  the  engineering  profession.  It 
is  to  be  hoped  that  the  spirit  with  which  they  have  been  animated  may 
similarly  afifect  other  manufacturers,  and  that  the  testing  may  fall  into 
the  hands  of  as  careful  and  painstaking  an  investigator. 

The  method  suggested  by  me  in  the  discussion  of  the  tests  of  Phoenix 
columns  (Paper  CCXXXIII,  Vol.  XI),  of  referring  all  ratios  to  the 
least  radius  of  gyration,  instead  of  the  least  dimension,  is  especially 
applicable  to  these  tests,  as  no  other  method  could  show  a  fair  compari- 
son between  such  various  forms  as  angles,  tees,  channels  and  tubes. 

It  has  been  adopted  by  the  author  in  plotting  and  tabulating  his 
tests,  and  gives  very  good  comparative  results.  In  considering  the 
tests  upon  hinged  end  struts,  as  given  by  the  author,  it  is  very  neces- 
sary to  bear  in  mind  the  relative  sizes  of  the  ball  and  sockets  to  the 
transverse  dimensions  of  the  struts.  The  strength  of  the  struts  with 
ball  and  sockets  of  1  inch  or  2  inches  diameter,  is  not  to  be  taken  as 
the  strength  of  struts  with  these  sized  joints,  regardless  of  the  dimen- 
sion of  the  struts,  but  rather  as  the  strength  of  similar  struts  with  Joints 
of  the  same  relative  sizes. 

Upon  a  diagram  (Plate  XXXIX),  I  have  plotted  the  various  tests  of 
the  author  for  hinged  jointed  struts  in  a  manner  to  show  the  relative 
proportion  between  the  ball  and  sockets  and  the  least  transverse  dimen- 
sion of  the  struts. 

Upon  the  same  diagram  I  have  plotted  the  tests  made  at  the  Water- 
town  Arsenal  upon  the  pin-ended  columns  (large  sizes)  of  the  Detroit 
Bridge  Company .  These  columns  were  made  of  two  channels  latticed  on 
the  sides.  The  channels  were  6,  8  and  12  inches  in  width,  and  had 
pins  from  3  to  3^  inches  in  diameter.  The  relative  sizes  of  these  pins  to 
the  channels  of  the  columns  are  also  shown  upon  the  diagram. 

It  will  be  seen  that  the  ratios  of  the  balls  to  the  transverse  dimension 
of  the  struts  varied  in  the  author's  tests  from  unity  to  one-half,  or,  in 
other  words,  that  the  diameters  of  the  balls  in  some  cases  equaled  the 
width  of  the  strut  and  varied  from  this  to  one-half  the  width  of  the  strut. 
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In  the  Watertown  experiments,  the  pins  varied  from  --^  to  \  of  the 
width  of  the  posts. 

From  an  inspection  of  the  diagram,  the  influence  of  the  size  of  the 
pins  relatively  to  the  width  of  the  struts  is  shown  very  conclusively. 
This  method  of  plotting  the  tests  also  shows  the  reason  why  many  of  the 
tests  with  1-inch  balls  exceeded  those  with  balls  of  2  inches  in  struts 
of  the  same  ratios  of  length  to  least  radius  of  gyration.  The  1-inch 
balls  were  relatively  larger  than  the  2 -inch  balls.  In  discussing  the 
tests  of  Phoenix  and  other  columns  (Paper  CCXXXIII,  Vol.  XI),  I 
pointed  out  the  probable  fact  that  the  "strength  of  pin -ended  columns 
would  be  found  to  be  somewhat  governed  by  the  diameters  of  the  pins 
and  the  closeness  of  their  fit  to  the  pin-holes,"  and  "in  believing  that 
at  some  point  at  or  beyond  120  radii  of  gyration,  the  sections  of  the 
columns  become  so  small  in  reference  to  the  length,  that  the  resisting 
moment  at  the  ends  diminishes  rapidly  and  reduces  to  nothing 
finally." 

"  The  round-ended  column  is  the  only  one  which  would  be  free  from 
this  resistance  to  flexure  " — the  resistance  due  to  the  more  or  less  fixed- 
ness of  the  ends  in  square  and  pin-ended  columns. 

"We  would  probably  find  that  those  with  round  ends  would  give  the 
closest  correspondence  to  our  theoretical  formulae,  and  that  the  others 
could  be  derived  from  it  by  adding  a  feature  representing  the  resisting 
influence  of  the  ends. " 

"Such  formulae  would  not  only  be  rational,  but  would  point  out 
more  definitely  the  eff'ects  of  the  ends  than  those  we  now  have  in  use, 
where  as  much  weight  is  given  to  the  squareness  of  the  ends  upon  a 
column  100  diameters  long  as  to  a  column  10  diameters  long." 

The  present  tests  show  very  conclusively  the  correctness  of  these 
views.  The  following  table  (page  277)  is  formed  by  tabulating  the 
differences  between  the  strength  of  round-ended  tees  (taken  from  the 
author's  table  of  averages,  No.  9),  and  that  of  the  other  more  rigid  con- 
nections. For  this  purpose  we  have  taken  flat-ended  tees,  hinged- 
ended  tees,  and  fixed-ended  angles.  This  last  is  not  exactly  a  correct 
comparison,  but  as  there  were  no  fixed-ended  tees,  we  have  had  to  use 
this  series.  While  not  strictly  correct,  it  will  serve  as  pointing  out  the 
relative  effect  near  enough  for  the  present  discussion. 

The  values  in  this  table  represent  the  relative  influences  of  the  end 
connections,  referred   to  round-ended  columns,  which  are  practically 
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Table  showing  Influence  of  End  Connections  at  Different  Ratios, 


I 

r 

Flat-ended  Tees. 

HiNGED-ENDED  TeES. 

Fixed-ended  Angles. 

20 

5  000 

3  000 

1000 

40 

5  500 

4  500 

1500 

60 

7  500 

5  500 

3  500 

80 

10  000 

6  000 

7  000 

100 

11  000* 

6  500* 

9  500 

120 

10  500 

6  000 

11500 

140 

10  200 

5  700 

12  700 

160 

10  500 

6  000 

13  500* 

180 

9  500 

5  000 

12  500 

200 

8  000 

4  500 

11500 

220 

7  000 

3  500 

10  000 

240 

6  700 

2  700 

8  700 

260 

6  200 

2  200 

7  200 

280 

5  300 

2  300 

6  800 

300 

4  200 

2  200 

6  200 

320 

3  000 

2  000 

5  500 

340 

2  400 

1900 

4  900 

360 

2  100 

1600 

4  600 

380 

1  800 

1  300 

4  100 

400 

1500 

1000 

3  700 

420 

1200 

900 

3  500 

*  Maximum. 
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free  from  such  influence.  These  values  are  also  plotted  upon  the  dia- 
gram (Plate  XL). 

From  these  it  is  seen  that  the  maximum  influence  of  the  ends  allows 
between  120  and  160  radii  of  gyration. 

For  this  reason  we  should  expect,  what  is  shown  upon  the  first 
diagram  (Plate  XXXIX),  that  the  tests  at  this  point  would  cover  a  wider 
range  of  strength  than  elsewhere  ;  as  the  more  or  less  rigidity  of  the  end 
connections  would  exert  its  maximum  influence  at  this  point.  On  the 
diagram  (Plate  XXXIX)  we  see  that  the  tests  upon  the  bridge  columns 
of  the  Detroit  Bridge  Company  run  a  little  higher  than  tests  upon 
similar  ratios  made  by  the  author.  This  might  be  expected,  for  the 
following  reasons  :  1st,  the  author  lubricated  his  balls  and  socket  joints; 
2d,  the  radius  of  the  moment  of  friction  would  be  relatively  less  upon  a 
spherical  joint  than  upon  a  cylindrical  one. 

Kef  erring  to  the  author's  diagram.  No.  6  (Plate  XXVIII),  for  round- 
ended  tees,  it  will  be  seen  that  his  average  curve  is  a  very  regular  one, 

and  corresponds  very  closely  to  a  parabola:    ayM )   +c. 

[  .  7   (  260 )  +  ^  ^^^   corresponds  very  closely  to  the  curve  up 

to  260  radii  of  gyration.] 

The  curve  of  these  tests  is  the  most  regular  curve  of  the  whole  series, 
and,  as  we  have  stated  before,  this  should  be  the  nearest  approach  to  the 
theoretical  law  of  the  resistance  of  thin  columns.  The  others  should 
differ  from  this  by  the  eff'ect  due  to  the  particular  end  resistances  of 
each  class. 

It  must  be  borne  in  mind  that  the  figures  in  table  (page  277),  used 
in  plotting  the  diagram  Plate  XL,  are  the  author's  general  averages, 
which  lump  the  tests  with  the  various  sized  balls  and  sockets. 

As  many  of  these  are  far  in  excess  of  the  usual  relative  proportions 
employed  in  practical  bridge  work,  it  is  desirable  that  new  averages, 
considering  the  relative  sizes  of  the  balls  and  pins,  should  be  deter- 
mined. I  have  been  prevented  by  more  urgent  duties  from  carrying  out 
this  investigation,  so  necessary  to  show  the  relative  influence  of  the  sizes 
of  the  pins.  In  practice,  our  bridge  pins  will  average  from  about  ^  to  i  of 
the  transverse  dimensions  of  the  posts,  which  is  about  the  lower  limits 
of  the  author's  experiments .  From  the  great  effect  of  decentralizing  the 
line  of  applied  forces   upon  columns  of  initial,  though  minute,  bends 
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in  the  material  of  the  column,  and  the  increased  influence  of  possible 
side  blows  to  columns  under  strain,  I  consider  it  very  important,  not 
only  to  keep  our  working  strains  within  proper  limits,  but  also  to  specify 
a  limitation  to  the  number  of  diameters  to  be  used  in  all  columns.  In 
recent  'specifications  I  have  placed  such  a  limit  at  45  diameters.  This 
corresponds,  approximately,  to  about  120  radii  of  gyration  for  the  usual 
forms  of  bridge  columns  now  generally  used. 

With  this  proviso,  our  practical  formulse  could  be  reduced  to  very 
simple  forms.  The  correct  general  formulae  for  different  forms  of  col- 
umns must  necessarily  be  more  or  less  complicated,  to  represent  their 
strength  for  all  possible  ratios  of  length. 

These,  however,  are  only  necessary  in  order  to  keep  clear  the  law 
governing  columns  of  long  lengths,  and  to  prevent  false  deductions  being 
drawn  by  using  as  general,  empirical  formulae  only  applicable  to 
certain  limited  ratios.  Within  the  above  practical  limits,  we  could  adopt 
an  immeasurable  variety  of  equations,  which  with  the  proper  constants 
would  be  equally  true. 

We  refrain  from  proposing  any  new  formulae  at  the  present  time,  as 
they  would  only  be  temporary  ones,  subject  to  further  experiments, 
which  we  hope  for,  in  the  near  future,  upon  full-sized  bridge  columns. 

L.  L.  Buck,  M.  Am.  Soc.  C.  E. — In  the  course  of  a  number  of  tests 
of  steel  used  in  renewing  the  suspended  superstructure  of  Niagara  Eail- 
way  Suspension  Bridge,  some  were  made  that  I  have  thought  might 
be  of  interest  in  the  discussion  of  the  subject  of  "  structural  steel." 

The  tests  in  question  were  all  made  on  the  testing  machine  of  Mr.  W. 
L.  Gill,  in  his  car-wheel  works,  at  Allegheny,  Pa.  The  machine  is  a 
screw  machine  whose  stresses  are  measured  by  a  beam  scale,  and  elonga- 
tions by  a  micrometer  reading  to  j o  o  o  o  inch.  The  screw  admitted  of 
stopping  the  machine  at  any  time  in  the  midst  of  a  test,  and  that  with- 
out its  relaxing  any  portion  of  the  stress  that  had  been  reached  at  time  of 
stopping. 

In  all  cases  duplicate  specimens  were  cut  from  steel  plates.  The 
specifications  called  for  steel  with  an  ultimate  strength  of  80  000  pounds 
per  square  inch,  and  a  stretch  of  15  per  cent,  in  a  length  of  10  inches. 

Among  the  specimens  tested  were  some  having  as  high  as  .48  per 
cent,  of  carbon,  with  aji  ultimate  strength  running  from  95  000  to  over 
100  000  pounds  per  square  inch,  with  a  stretch  of  less  than  8  per  cent, 
in  10  inches. 
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It  occurred  to  me  that  it  might  be  well  to  test  some  of  these  higher 
specimens  to  ascertain  their  capacity  for  resisting  shocks. 

In  order  to  make  this  test  as  severe  as  possible,  the  specimen  was 
subjected  to  a  stress  about  up  to  the  elastic  limit  (as  ascertained  in  test- 
ing the  companion  specimen),  and  while  the  stress  was  on,  the  piece  was 
struck  a  smart  blow  with  a  hammer.  None  ever  broke  till  after  several 
blows  had  been  struck.  Afterwards  some  of  the  specimens  were  nicked 
across  one  side  with  a  sharp  cold-chisel,  then  subjected  to  a  tensile  stress 
nearly  up  to  the  elastic  limit,  and  then  struck  with  the  hammer  on  the 
side  opposite  the  nick.  The  first  blow  never  broke  the  specimen, 
although  a  dozen  specimens  were  tested  in  this  way.  Yet  the  same  blow 
upon  one  of  these  hard  specimens  with  the  nick  in  one  side,  but  no 
tensile  stress,  would  break  it  short  off. 

This  showed  that,  so  far  as  severity  was  concerned,  the  experiments 
were  failures.  On  the  other  hand,  the  tensile  stress  assisted  the  specimen 
to  withstand  the  shock,  simply  by  preventing  vibrations  and  bending. 
It  simply  caused  the  stress  due  to  the  blow  to  be  distributed  over  the 
section  of  the  specimen,  instead  of  being  concentrated  at  the  bottom  of 
the  nick,  as  it  would  be  with  no  tensile  stress  on  it . 

The  reason  that  it  broke  after  several  repetitions  of  the  blow  was, 
that  each  blow  caused  the  specimen  to  slip  slightly  in  the  clamps  at  each 
end,  thus  reducing  the  stress  till  it  was  nearly  all  off  when  the  piece 
would  break. 

Yet  the  tests  possess  some  value. 

They  would  at  least  seem  to  indicate  that  the  high  steel,  if  used  in 
structures  where  the  dead  load  considerably  exceeded  the  live  load  (in 
the  case  of  the  tensive  members),  might  be  perfectly  reliable,  while  in 
case  the  dead  load  was  small  and  the  live  load  large,  in  proportion,  it 
would  be  dangerous.  The  constant  stress  produced  by  the  great  dead 
load  would,  as  before  explained,  cause  vibrations  to  be  less,  and  to 
result  only  in  slightly  increasing  the  tension  which  must  be  distributed 
over  the  whole  section. 

The  test  by  nicking  was  principally  useful  for  the  reason  that  it 
showed  more  conclusively  the  correctness  of  the  reasoning.  The  nicked 
specimen  with  no  tension  upon  it  would  break  with  a  small  blow,  which 
would  not  break  it  when  subjected  to  tension;  while  in  the  case  of  the 
specimen  without  the  nick,  it  might  withstand  the  blow,  whether 
strained  or  not. 
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One  of  the  questions  which  arises  in  the  selection  of  the  best  grade 
of  steel  for  a  given  purpose  is  the  amount  of  work  to  be  put  upon  it. 
If  it  is  to  be  hammered  very  much  while  cold,  it  will  become  hardened 
more  or  less  by  the  operation,  and  the  drawing  out  of  the  hammered 
portion  will  subject  the  surrounding  portions  to  considerable  tensile 
stress.  Again,  it  sometimes  happens  that  in  bars  of  steel  there  are 
hard  places,  producing,  in  some  cases,  internal  stresses,  although  no 
work  has  been  done  on  the  bar.  My  experience  has  seemed  to  show 
that  the  effect  of  a  blow  in  hardening  was  comparatively  less  in  the 
higher  steel  than  in  the  lower,  and  also  that  the  higher  grade  was,  if 
anything,  less  liable  to  have  hard  spots.  By  higher  steel,  I  wish  to  be 
understood  as  meaning  steel  with  .40  to  .45  per  cent,  of  carbon,  and  an 
ultimate  tensile  strength  of  80  000  to  95  000,  or  even  100  000  pounds  per 
square  inch,  of  specimens  whose  cross-section  is  1  to  1 1  square  inches 
area. 

Steel  with  about  .38  per  cent,  of  carbon  appeared  to  give  about  the 
most  uniform  results.  None  appeared  to  have  excessively  hard  spots, 
while  steel  with  .18  to  .  20  per  cent,  of  carbon  gave  more  trouble.  In 
some  cases  a  whole  bar  of  the  lower  grade  would  be  so  hard  as  to  break 
like  glass  by  bending  or  twisting,  and  with  no  more  appearance  of  perma- 
nent set  in  the  vicinity  of  the  fracture. 

It  was  observed,  in  pulling  a  nicked  specimen  of  the  lower  grade, 
without  the  hammer  test,  that  the  flaw  at  the  bottom  of  the  nick  would  ap- 
pear and  even  open  considerably  before  complete  rupture,  while  in  the 
higher  grade  mentioned  the  only  evidence  of  stretching  would  be  the 
dropping  of  scale  from  the  surface  of  the  specimen,  but  no  perceptible 
opening  of  the  nick  till  it  popped  open  entirely . 

William  H.  Bure,  Assoc.  Am.  Soc.  C.  E. — It  is  a  matter  of  con- 
gratulation among  civil  engineers  that  a  subject  of  so  much  importance 
as  the  resistance  of  struts  of  angle  iron  and  steel  has  received  such 
careful  and  able  treatment  at  the  hands  of  Mr.  Christie.  And  it  is  a 
matter  of  no  less  practical  importance  than  physical  interest  to  learn 
some  of  the  characteristics  of  steel  struts  in  this  period  of  transition 
in  structural  material,  at  a  time  when  undue  conservatism  has  frequently 
prompted  the  assertion,  that  steel  struts  possess  a  resistance  no  greater 
and  sometimes  less  than  those  of  iron. 

Now,  while  it  is  obviously  true  that  we  have  only  begun  to  learn  the 
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characteristics  of  mild  structural  steel,  and  while  it  is  equally  true  that 
these  struts  experienced,  previous  to  testing,  none  of  those  manipulations 
in  the  shop  requisite  to  the  production  of  composite  struts,  and  to  which 
the  higher  structural  steels  have  shown  themselves  at  this  time  to  be 
most  delicately  sensitive,  it  is  certainly  true  that  simple  steel  angle 
struts,  in  a  state  of  nature  so  to  speak,  are  very  considerably  stronger 
than  similar  iron  ones,  i.  e.,  in  such  lengths  as  are  ordinarily  used  in 
bridge  building. 

As  a  matter  of  fact,  these  tests  show  that  between  the  lengths  of  30 
and  120  radii  of  gyration  mild  steel  struts  (0.12  to  0.15  per  cent,  carbon) 
possess  a  resistance  of  about  6  000  pounds  per  square  inch  in  excess 
of  that  of  iron;  this  excess  amounts  to  15  to  20  per  cent,  of  the  resist- 
ance of  the  iron  struts.  Within  the  same  limits  the  high  structural  steel 
(0.35  per  cent,  carbon)  gave  an  excess  of  2^  to  4  times  as  great. 

These  results,  in  connection  with  the  successful  shop  manipulations 
to  which  mild  structural  steel  is  being  almost  daily  subjected  in  some 
places  in  this  country,  seem  to  me  to  indicate  with  a  high  degree  of 
certainty  that  such  steel  angle  struts,  in  lattice  bridge  work,  for  example, 
will  carry  essentially  the  same  excess  of  resistance  over  iron  as  shown  by 
these  experiments. 

One  matter  brought  out  by  Mr.  Christie's  experiments  is  of  great 
practical  importance  in  lattice  bridge  work.  It  is  the  fact  that  below 
120  radii  of  gyration  in  length,  the  condition  of  ends  is  of  little  or  no 
consequence,  for  the  resistance  is  essentially  the  same  whether  the  ends 
are  hinged  or  fixed.  It  also  indicates  the  possibility  of  a  similar  condition 
or  limit  for  ordinary  pin  and  flat  end  columns.  It  is  not  improbable 
that  with  the  properly  large  pins  now  in  use,  the  ordinary  formulae  for 
pin-end  columns  give  results  somewhat  less  than  the  actual  resistance. 

One  conclusion  regarding  the  elasticity  of  structural  steel  of  the 
milder  grades  reached  by  Mr.  Christie,  seems  to  me  to  be  of  doubtful 
character.  On  page  260,  he  regards  it  "certain"  that  steel  shortens 
more  than  iron  under  compression.  Table  No.  5  shows  such  a  result, 
but  No.  2  does  not.  The  latter  appear  to  be  the  results  of  the  tests  of 
struts  considerably  below  the  elastic  limit,  while  the  former,  I  infer,  were 
computed  from  observations  on  short  pieces  supported  by  sand  in  a 
tube.  It  is  possible  that  the  measurements  in  the  latter  case  were  faulty, 
though  the  extraordinary  care  and  accuracy  with  which  the  experiments 
were  made  would  render  this  improbable.     Again,  the  co-efficient  of 
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elasticity  may  have  been  taken  in  connection  with  the  shorter  pieces  at 
or  too  near  the  elastic  limit,  a  contingency  which  could  not  occur  with 
the  struts,  except  as  a  consequence  of  gross  carelessness,  which  certainly 
did  not  exist.  Any  little  incidental  error  would  afifect  the  results  for  a 
short  piece  much  more  than  those  for  a  long  one.  Kirkaldy  did  not  find 
that  the  co-efficient  of  compressive  elasticity  for  mild  Fagersta  steel  was 
lower  than  that  of  iron .  Allowing  for  the  difference  of  character  of  the 
two  steels,  an  unusually  low  compressive  co-efficient  still  seems  such  an 
anomaly  that  doubts  of  its  existence  are  reasonable. 

One  other  result  brought  out  by  those  tests  is  of  great  physical 
interest  as  well  as  of  considerable  practical  value,  as  it  furnishes  a  strik- 
ing confirmation  of  the  common  theory  of  flexure.  Mr.  Christie  has 
observed  that  above  certain  lengths  the  resistances  of  steel  and  iron 
angle  struts  coincide.  Plate  No.  8  shows  that  this  limit  is  about  200 
radii  of  gyration  for  mild  steel  and  above  300  for  hard  steel,  and  beyond 
the  limits  of  his  experiments,  though  there  can  be  little  doubt  of  the 
existence  of  such  a  point. 

The  old  formula  for  long  column  resistance  first  established  by 
Euler  is : 

in  which  a  is  a  constant,  /  the  moment  of  inertia,  /  the  length,  and  E 
the  co-efficient  of  elasticity  in  bending.  It  is  seen,  therefore,  that  the 
only  quantity  entering  this  formula  and  dependent  on  the  character  of 
the  material  is  E,  since  a  depends  only  on  end  conditions.  But  the  ex- 
periments of  Mr.  Christie  showed  that  E  is  essentially  the  same  for  mild 
and  hard  steel  and  wrought  iron.  Hence,  within  the  limits  of  applica- 
tion of  Euler's  formula,  struts  of  those  materials  should  possess  the 
same  resistance;  or,  rather,  there  should  be  a  limit  beyond  which  the 
resistances  are  the  same.  But  the  analytical  conditions  on  which  the 
theory  of  flexure  is  based,  make  it  strictly  applicable  only  to  pieces 
whose  lengths  are  very  great  in  respect  to  their  cross-dimensions, 
though  this  limit  of  length  is  indeterminate.  The  results  of  these  tests 
confirm  this  indication  of  theory  in  a  most  satisfactory  manner,  and  fix 
the  limit  for  mild  steel  at  200  radii  of  gyration,  while  that  for  hard  steel 
is  probably  not  much  above  300.  Above  these  limits,  column  resistances 
are  accurately  represented  by  Euler's  formula. 

Tests  of  beams  would  possess  more  value  and  interest  if  different 
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lengths  of  the  same  cross-section  were  tested  to  failure,  in  order  thus  to 
discover  the  law  connecting  the  modulus  of  rupture  for  bending  with 
the  length  of  span. 

T.  C.  Claeke,  M.  Am.  Soc.  C.  E, — A  j)aper  may  be  so  exhaustive 
that  it  leaves  little  room  for  discussion,  and  this  may  be  said  of  the  two 
papers  of  Mr.  Christie  on  steel  and  iron.  They  are  full  of  instruction, 
and  the  more  such  papers  we  get,  the  wiser  we  shall  be. 

It  seems  to  me  that  such  papers  are  more  useful  than  the  reports 
of  Government  Commissions. 

No  Government  Commission  can  do  as  good  work  as  private  ob- 
servers, because  no  half  dozen  men,  even  with  a  joint  interest  with  the 
Ordnance  Department  in  a  Government  testing  machine,  can  know  so 
well  what  is  wanted,  and  so  well  how  to  experiment,  as  the  whole  body 
of  scientific  observers  scattered  all  over  the  country. 

No  matter  how  bright  five  men  may  be  in  their  own  offices,  put  them 
in  a  board  room,  on  a  jury,  or  on  a  commission,  they  become  soon 
affected  with  an  obscure  mental  disease,  not  classified  by  physicians, 
which  dulls  their  natural  faculties,  or  else  makes  them  quarrel  violently. 
Then  there  is  always  one  impracticable  fellow,  who  will  neither  act 
himself  nor  let  the  others  act. 

The  report  is  generally  a  compromise  of  opinions,  of  which  every 
one  is  ashamed.  Therefore,  I  say — more  independent  experiments  and 
less  Government  Commissions. 

When  any  of  the  great  body  of  private  observers  has  discovered 
any  law  or  demonstrated  any  new  set  of  facts,  then  is  the  time  for  the 
Government  Boards,  with  their  accurate  methods,  to  come  in  and  test 
the  statement.  If  incorrect,  let  it  be  branded  as  such;  if  true,  let  it 
receive  the  Government  stamp  of  approval,  as  the  mint  stamps  its 
coins . 

Theodoke  Coopek,  M.  Am.  Soc.  C.  E, — In  regard  to  the  idea,  as  ad- 
vanced by  Mr.  Boiler,  of  testing  the  same  sized  angles  under  many  dif- 
ferent lengths,  I  do  not  see  that  we  would  be  any  better  off  than  now, 
unless  it  increased  the  number  of  tests.  We  are  compelled  to  take  gen- 
eral averages  where  the  varying  elements  are  so  numerous.  His  method 
would  simply  give  the  tests  of  a  particular  angle,  and  would  not  repre- 
sent the  strength  of  other    sized  angles   as  closely  as  a  general  average 
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from  a  set  of  miscellaneous   tests;   such  additional  tests  would,  how- 
ever, be  valued  as  supplementing  other  tests. 

Henry  E.  Towne,  M.  Am.  Soc.  C.  E. — As  to  the  point  made  by  Mr. 
Boiler,  that  the  experiments  upon  the  flat-ended  tees  and  angles  indi- 
cate the  hopelessness  of  arriving  at  any  formula  representing  these  re- 
sults, I  suggest  that  the  difficulty  may  be,  not  with  the  formula,  but  with 
the  materials.  In  other  words,  are  not  the  discrepancies  due  to  variations 
in  material?  Experience  has  shown  this  to  be  one  of  the  factors  in  such 
cases — that  material  cut  from  the  same  bar  gives  different  results  under 
test.  That  accounts  for  much  of  the  variation  in  the  experiments,  and 
it  does  not  follow  that  good  results  may  not  be  accomplished  by  such 
experiments,  and,  as  they  are  increased,  a  correct  average  may  be  de- 
duced from  them.  One  lesson  to  be  drawn  is  the  need  of  greater 
effort  on  the  part  of  manufacturers  of  iron  to  give  us  good  materials  to 
work  with. 

Mr.  Theodore  Cooper.  — I  would  like  to  ask  Mr.  Christie  whether  he 
tested  the  exact  parallelism  of  the  bearings  of  the  fixed-ended  struts 
while  in  the  machine.  If  in  fixed- ended  struts,  the  anomalous  results 
of  the  short  lengths  could  not  be  due  to  this  want  of  parallelism. 

James  Christie,  M.  Am.  Soc.  C.  E. — I  would  answer  that  in  all 
cases  the  body  of  the  specimens  was  practically  square  with  the  ends. 
We  may  have  put  in  the  machine  pieces  whose  ends  were  not  exactly 
square  with  the  axis,  or  not  jDarallel  with  each  other,  but  the  operator 
regulated  the  machine  until  the  abutting  plates  came  flat  on  the  ends  of 
the  specimens.  In  the  fixed-ended  struts  the  same  precautions  were 
taken,  but  probably  the  reason  why  the  short  fixed-ended  struts  failed 
apparently  lower  than  flat  ends  was  due  to  the  short  lengths  necessi- 
tated by  the  limited  capacity  of  the  testing  machine. 

"We  measured  the  length  between  the  clamps,  whereas  the  effective 
length  may  have  reached  some  point  within  the  clamps;  such  an  addition 
to  the  recorded  length  would  make  an  appreciable  difference  in  results 
in  the  case  of  such  short  specimens. 

Mr.  Henry  R.  Towne. — In  making  the  transverse  tests,  how  were  the 
specimens  supported  ? 

Mr.  James  Christie.  — They  were  supported  on  a  beam  with  two  tees 
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witli  rounded  edges,  which  were  lubricated  so  that  the  specimen  beam 
could  slide. 

E.  B.  Dorset,  M.  Am.  Soc.  C.  E.-  -I  am  now  making  some  experi- 
ments on  mild  steel  under  compression,  which  prove  its  superiority 
under  compression  as  well  as  tension.  "When  they  are  completed  I  will 
give  the  results  to  the  Society  in  a  future  paper. 

Mr.  Theodore  Cooper. — In  the  comparative  diagram  of  Mr.  Chris- 
tie of  the  ultimate  resistances  of  steel  and  iron,  which  is  a  subject  of 
considerable  interest,  we  see  that  from  about  40  up  to  120  gyrations  the 
mild  steel  averages  from  15  to  20  per  cent,  in  compressive  strength 
above  that  of  iron.  Milder  steel,  I  think,  would  be  still  less.  Hard 
steel  I  do  not  think  any  practical  bridge  engineer  would  recommend  as 
suitable  for  built  compressive  members.  With  this  new  material,  of 
which  our  experience  is  practically  nothing,  when  compared  with  iron, 
the  best  gain  that  we  can  expect  is  20  per  cent.  With  a  gain  as  slight 
as  that,  a  cautious  man  would  be  careful  before  putting  in  a  new  material, 
which  is  so  much  more  readily  affected  by  the  processes  of  manufacture 
and  transportation.  I  reiterate  what  I  said  before :  let  us  go  very  cau- 
tiously into  the  use  of  steel  until  we  can  have  more  extensive  knowledge 
of  the  subject.  In  connection  with  that  remark,  I  would  like  to  add 
that  in  our  great  structures,  which  are  usually  skeleton  structures,  we 
also  depend  upon  uniformity  in  the  action  of  the  different  parts.  If  I 
understand  Mr.  Christie  correctly,  steel  varies  very  much  in  its  action. 
It  would,  therefore,  seem  to  be  more  diflScult  to  make  the  different 
members  act  in  harmony  with  each  other. 

Mr.  E.  B.  DoRSEY. — Did  you  not  find  in  your  experiments  that  mild 
steel  gave  much  more  uniform  results  than  iron  in  tension  and  com- 
pression, and  was  not  the  elastic  limit  much  more  uniform  also  ? 

The  tests  that  I  have  seen  made  on  English  mild  steel  gave  much 
more  uniform  results  than  those  on  iron;  and  these  are  sustained  by 
verbal  statements  made  to  me  by  the  large  ship- builders  on  the  Clyde, 
and  other  large  fabricators  of  iron  and  steel. 

Mr.  James  Christie. — It  is  difficult  to  answer  that  question  until  we 
can  make  a  sufficient  number  of  tests.  We  found  considerable  variation 
in  the  elasticity  of  steel.  I  would  state  here  that,  at  first,  in  our  experi- 
ments, the  steel  seemed  more  uniform  in  elasticity  than  iron;  but  con- 
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tinuing  the  experiments,  that  did  not  seem  to  be  the  case.  Especially 
in  compression,  the  elasticity  of  steel  was  fully  as  variable  as  that  of 
iron. 

Mr.  E.  B.  DoKSEY. — Were  the  tests  made  on  Bessemer  steel  ? 
Mr.  James  Christie, — Yes,  sir. 

Mr.  E.  B.  DoRSEY. — In  England  the  preference  for  structural  pur- 
poses, including  ship-building,  is  in  favor  of  the  Siemens -Martin  or 
open-hearth  steel  over  the  Bessemer,  on  the  ground  that  it  is  much 
more  regular  and  uniform  in  its  character.  As  an  evidence  of  this,  the 
price  is  higher — about  fifty  per  cent,  greater. 

Mr.  James  Christie. — An  establishment  in  Pittsburgh,  extensive 
producers  of  structural  steel,  built  an  open-hearth  plant  some  years  ago, 
which  was  afterwards  destroyed  by  fire.  They  rebuilt  with  the  Besse- 
mer converter,  and  now  claim  that  their  choice  was  a  wise  one,  not  only 
considering  economy,  but  also  uniformity  of  product. 

Mr.  Theodore  Cooper. — In  a  conversation  with  one  of  the  leading 
manufacturers  of  steel  in  Pittsburgh  on  the  subject  of  Bessemer  and 
open-hearth  steel,  he  told  me  that  he  had  advocated  the  open-hearth,  but 
after  a  series  of  careful  experiments  he  had  to  acknowledge  his  error 
against  his  previous  conviction,  and  found  that  there  was  more  uniform- 
ity in  the  Bessemer  than  could  possibly  be  by  the  open-hearth.  He  did 
not  mean  by  that,  that  the  mild  steel  that  is  in  the  market  now  is  uniform. 
It  can  be  made  so,  but  is  not.  The  mild  steel  now  being  sold  varies 
from  material  as  hard  as  glass  to  material  as  soft  as  lead,  not  only  in  dif- 
ferent bars,  but  in  the  same  bar.  I  have  known  of  steel  angles,  while 
being  punched  (which  is  a  good  test  of  uniformity),  that  would  com- 
mence at  the  end  and  punch  very  softly,  then,  after  3  or  4  feet,  the 
punching  would  go  off  like  a  torpedo.  It  then  would  again  strike  soft 
places,  sometimes  three  or  four  times  in  one  bar.  It  is  not  the  fault  of 
the  material  as  much  as  want  of  care  in  securing  uniformity.  I  believe, 
until  structural  steel  is  more  carefully  manufactured,  it  is  not  safe  to 
use  it  under  such  high  strains  as  has  been  done. 

Edward  P.  North,  M.  Am.  Soc.  C.  E . — I  would  like  to  ask  the  rela- 
tive cost  of  Bessemer  and  open  hearth  steel.  I  believe  there  is  a  decided 
difference.     Can  any  gentleman  here  tell  me  ? 
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Mr.  E.  B,  Dorset. — In  England  the  Bessemer  is  principally  used  for 
rails,  and  sells  now  for  £5  per  ton;  and  the  open-hearth  made  by  the 
Siemens-Martin  process  sells  for  £8  per  ton.  This  latter  is  used  entirely 
for  structural  purposes.  I  do  not  think  the  difference  in  the  cost  of 
manufacture  amounts  to  £3,  or  $15,  per  ton — probably  not  half  of  it. 

Mr.  Theodore  Cooper. — Much  time  and  money  has  been  expended 
to  develop  a  perfect  steel  rail,  but  manufacturers  in  this  country  have 
paid  little  attention  to  the  development  of  structural  material. 

C.  C.  Schneider,  M.  Am.  Soc.  C.  E.— While  I  admit  the  difficulty  of 
obtaining  steel  of  uniform  quality  from  our  manufacturers,  I  am  of  the 
opinion  that  a  fair  degree  of  uniformity  can  be  secured  by  rigid  inspec- 
tion. 

The  specifications  should  be  strictly  adhered  to,  and  all  material 
which  fails  to  come  up  to  the  specifications  in  any  one  point  should  be 
promptly  rejected.  In  this  way  a  material  of  fair  uniformity  may  be 
obtained. 

According  to  my  experience,  open-hearth  steel  can  be  more  relied 
upon  than  Bessemer  steel. 

Percival  Roberts,  Jr.,  M.  Am.  Soc.  C.  E. — In  regard  to  open-hearth 
and  Bessemer  steel,  the  cost  of  manufacture  is  probably  not  very  differ- 
ent. The  great  trouble,  both  here  and  abroad,  is  that,  as  a  rule,  the 
Bessemer  is  used  principally  for  rails,  whereas  the  open-hearth  is  a  low 
carbon  steel  and  used  for  different  purposes.  When  low  carbon  steel  is 
manufactured  the  cost  may  be  larger,  because  the  pig  iron  used  for  rail 
steel  would  not  do  for  a  low  carbon  steel.  I  think  that  our  experience 
with  Bessemer  steel  has  been  as  satisfactory  as  with  open-hearth,  pro- 
vided we  got  it  from  a  Bessemer  works  which  understood  making  the 
low  grades  of  steel.  I  do  not  think  the  cost  of  manufacture  is  very  dif- 
ferent in  either  process.  If  we  should  ask  Mr.  John  Fritz  he  will  prob- 
ably prefer  the  Bessemer.  But  Mr.  Wellman  will  prefer  the  open-hearth. 
If  the  specifications  define  what  is  required  you  can  probably  get  suita- 
ble material  by  either  process. 

When  contemplating  making  these  tests  we  corresponded  with  the 
authorities  at  the  Watertown  Arsenal,  and  had  prepared  about  twenty 
tons  of  specimens,  but  in  the  end  found  no  appropriations  for  tests. 
We  then  concluded  to  make  the  tests  which  Mr.  Christie  has  made,  and 
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I  do  not  think  that  our  experience  has  been  that  steel  has  any  more 
homogeneity  than  iron.  Taking  steel  of  the  same  chemical  analysis,  the 
physical  tests  will  frequently  vary  very  much.  We  have  no  prejudice 
against  steel.  We  would  like  to  roll  it,  but  do  not  see  that  we  get  any 
more  homogeneous  results  than  with  wrought  iron. 

As  to  the  superiority  of  steel  in  ship-building,  it  comes  from  the  use 
of  bad  iron.  I  recollect  a  few  weeks  ago  being  in  a  ship-yard  where 
they  used  steel  for  boilers.  A  plate  14  feet  in  length,  f  inch  thick,  and 
5  feet  in  width,  was  flanged  with  semicircles.  They  punched  the  plate, 
laid  it  down,  and  the  following  morning  they  found  cracks  in  it  2^  feet 
in  length.  It  only  tends  to  show  that  when  using  steel  in  structures 
careful  supervision  and  inspection  is  necessary.  It  will  not  bear  the 
same  treatment  as  iron,  and  requires  different  methods  of  manufacture. 
I  do  not  know  whether  Mr.  Christie  remembers  some  tests  made  on  steel 
slightly  nicked  showing  its  behavior  under  the  drop. 

Mr.  James  Chkistie. — The  experiments  to  which  Mr.  Roberts 
alludes  were  for  determining  the  difference  between  steel  and  iron  in 
resistance  to  impact.  As  these  experiments  were  not  concluded,  they 
are  not  mentioned  in  my  paper.  Several  round  bars  of  iron  and  steel, 
both  mild  and  hard,  were  subjected  to  the  ordinary  test  for  railroad 
axles;  that  is,  placed  on  supports  3  feet  apart,  and  struck  in  the  middle 
with  a  drop  weighing  1  600  pounds. 

When  the  surfaces  of  the  materials  are  not  disturbed,  the  steel  will 
usually  endure  much  severer  treatment  than  iron.  But  when  the  sur- 
faces are  nicked  or  scratched,  the  action  is  contrary. 

This  was  true  for  the  very  mildest  steel,  as  well  as  for  rail  steel.  As 
an  illustration  of  the  subject,  I  have  the  records  of  the  endurance  under 
impact  of  3-inch  round  bars  of  mild  steel  and  of  iron.  Both  bars  were 
scratched  around  their  bodies,  just  sufficient  to  remove  the  scale  and  ex- 
pose the  bright  metal.  The  depth  of  the  cut,  which  was  made  with  a 
saw  file,  was  not  measurable.  The  bars  were  turned  after  each  blow 
so  as  to  reverse  the  deflection.  The  steel  bar  broke  under  the  fourth 
blow,  the  weight  falling  3  feet.  The  iron  bar  stood  12  blows,  and  broke 
under  the  13th  blow,  when  the  weight  was  dropped  4  feet. 

Mr.  Heney  R.  Towne. — Mr.  Christie  has  mentioned  the  fact  oyf  these 
specimens  breaking  at  the  point  where  they  were  slightly  nicked.  I 
would  mention  that  in  our  testing  machine  we  have  found  it  necessary 
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to  mark  one  side  of  the  specimen,  more  for  locating  elongation  than  to 
determine  the  points  where  breakage  would  take  place.  A  very  small 
nick,  particularly  on  the  corners,  will  define  itself. 

Mr.  Theodoke  Cooper. — There  is  another  interesting  point  in  steel; 
that  is  the  ease  with  which  it  can  be  cracked  and  the  crack  still  be 
invisible.  In  other  words,  the  ocular  inspection  of  steel  is  different 
from  iron.  You  can  examine  an  iron  bar,  and  feel  that  the  iron  is  in  a 
condition  to  be  used;  but  in  the  same  kind  of  steel  bar,  50  per  cent,  may 
be  in  a  condition  of  rupture  and  not  be  discovered .  In  the  St.  Louis 
Bridge  I  had  a  member  put  in  the  machine.  It  stood  all  the  tests.  I 
marked  it  accepted,  and  as  the  men  were  swinging  it  around  I  saw  a 
thread  of  light  across  the  bar.  I  stopped  the  men  and  examined  the 
bar  as  carefully  as  I  could,  and  could  not  find  it  until  I  took  a  magnify- 
ing glass,  and  found  the  bar  cracked  three-quarters  way  across.  I  then  had 
a  man  strike  it  a  blow  with  a  sledge,  and  it  split  in  half.  Steel  is  a 
crystalline  metal  ;  iron  is  not.  It  is  impossible  to  have  a  piece  of  iron 
cracked  so  badly  as  to  be  dangerous  without  detection  when  examined 
carefully. 

Mr.  E.  B.  DoESEY.^What  was  the  tensile  strength  ? 

Mr.  Theodore  Cooper. — The  tensile  strength  was  120  000.  The 
point  Mr.  Christie  has  made  is  very  important.  For  boiler  construction 
and  that  sort  of  thing,  steel  is  safe,  but  for  bridges  it  is  not,  and  a 
material  that  a  scale  or  mark  weakens  is  not  safe  to  use. 

Mr.  E.  B.  DoRSEY. — I  am  not  astonished  at  the  trouble  Mr.  Cooper 
experienced  in  the  use  of  steel  in  the  St.  Louis  Bridge,  but  I  am  very 
much  astonished  that  they  succeeded  in  building  the  bridge  at  all,  and 
that  it  stands  after  being  built,  when  it  is  considered  that  the  steel  of 
which  it  is  built  has  a  tensile  strength  of  120  000  pounds  per  square  inch, 
being  fully  50  per  cent,  greater  than  is  considered  safe  by  the  boldest 
engineers  now,  and  70  per  cent,  greater  than  I  would  advocate.  I  do 
not  think  steel  should  ever  be  used  of  over  70  000  pounds  tensile 
strength  per  square  inch. 

Mr.  Theodore  Cooper. — Mr.  Dorsey  asked  me  what  was  the  tensile 
strength  of  the  steel  stave,  which  I  mentioned  as  showing  the  crack  after 
passing  inspection.     He   appears  to  conclude  that  the  defects  I  have 
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Tnentioned  as  peculiar  to  steel  were  due  solely  to  steel  of  this  high  ten- 
sile resistance.  He  is  wrong.  While  I  agree  fully  with  him  in  the 
belief  that  70  000  pounds  steel  is  as  high  as  we  should  use  for  tensile 
resistances,  we  cannot  shut  our  eyes  to  the  fact  that  steel  of  all  grades, 
even  the  softest,  is  essentially  crystalline  in  structure.  It  therefore  has, 
to  a  more  or  less  extent,  the  defects  due  to  this  crystalline  character, 
among  which  are  the  increased  difficulties  of  ocular  inspection  and  the 
injury  to  its  resistance  under  impacts  or  sudden  strain  from  changes  of 
sections,  by  rivet  holes,  nicks,  or  even  slight  scratches.  That  these 
defects  are  less  in  the  softer  steels  is  undoubtedly  true.  But  even  in 
these  softer  steels  they  ought  not  to  be  overlooked  or  ignored. 

As  I  have  so  often  stated  before,  we  are  past  the  age  when  purely 
statical  tests  can  be  considered  as  the  sole  criterion  of  the  capabilities 
of  any  structural  material.  We  need  more  impact  tests,  and  upon  such 
tests  only  can  we  form  a  true  comparison  of  the  relative  merits  of 
structural  material  for  bridge  purposes.  If  manufacturers  will  put 
upon  steel  members  50  per  cent,  more  strain  than  is  allowed  upon 
similar  members  of  iron,  simply  because  it  is  steel,  we  have  a  perfect 
right  to  demand  of  them  their  proofs. 

It  has  not  yet  been  shown  by  any  recorded  tests  that  steel  columns 
made  of  mild  steel  will  stand  over  20  per  cent,  higher  than  iron  ones. 

Is  an  allowance  of  even  this  much  above  the  allowed  strain  on  iron 
columns  justifiable,  considering  the  decreased  resistance  of  steel  under 
sudden  strains  or  impacts,  when  nicked  or  even  slightly  scratched  ? 

Mr.  E.  B.  DoKSEY. — It  is  true  that  mild  steel,  or  steel  of  70  000  pounds 
or  less  tensile  strength  per  square  inch,  is  crystalline  in  structure,  but 
from  the  testimony  of  the  numerous  workers  in  it,  that  I  have  inter- 
viewed, I  do  not  think  that  it  has  any  of  the  bad  qualities  ascribed  to  it 
by  Mr.  Cooper  because  it  is  crystalline  in  structure,  like  the  harder  or 
stronger  steel  to  which  Mr.  Cooper  compares  it.  On  the  contrary,  all 
the  workers  in  mild  steel  that  I  have  seen  prefer  it  to  iron,  on  account  of 
its  being  easier  worked  and  with  much  less  loss. 

William  J.  Mo  Alpine,  Past  President  Am.  Soc.  C.  E.— Can  you  tell 
us  what  proportion  of  carbon  enters  into  the  composition  of  what  is 
termed  in  the  paper  just  read  '*  mild  steel  "  ? 

Mr.  James  Christie. — In  answer  to  that  question  I  will  say,  that 
while  we   can  draw  no  distinct  boundary  line  between  mild  and  hard 
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steel,  yet  -when  we  speak  of  mild  steel,  it  is  generally  assumed  that  the 
carbon  ratio  is  not  over  -iVo"  oi  1  percent.,  because  steels  lower  in  carbon 
than  this  will  usually  endure  chilling  in  water  from  a  red  heat,  and  be 
capable  afterwards  of  being  bent  without  cracking  ;  whereas,  when  the 
percentage  of  carbon  equals  or  exceeds  i^ifo  oi  1  per  cent.,  the  specimen, 
if  submitted  to  such  treatment,  will  not  endure  much  subsequent  bending 
without  fracture. 

Mr.  Dorsey  states  that  in  Great  Britain  it  is  generally  assumed  that 
soft  steel  and  iron  will  be  on  a  uniform  commercial  basis  when  the  former 
sells  at  2  cents  and  the  latter  material  at  1^  cents  per  pound.  This 
statement  assumes  an  average  efficiency  for  steel  over  iron  of  33  per 
cent. 

It  is  somewhat  hazardous  to  say  to  what  extent  steel  is  better  than 
iron,  without  considering  the  particular  purpose  to  which  it  is  to  be  ap- 
plied. The  mild  steel  most  frequently  used  for  ship  and  bridge  build- 
ing contains  about  .12  carbon,  having  an  ultimate  tenacity  of  65  000 
and  elastic  limit  of  39  000  pounds  per  square  inch  of  cross  section.  This 
steel,  when  used  to  resist  tensile  or  transverse  stress,  will  have  an  ad- 
vantage over  iron  of  about  30  per  cent.  But  steel  beams  will,  on  an 
average,  deflect  under  given  loads  as  much,  or  nearly  as  much,  as  iron 
beams  of  the  same  dimensions.  Here  the  question  of  efficiency  may  not 
be  one  of  absolute  strength,  but  one  of  stiffness.  Again,  in  the  form  of 
struts  and  columns,  when  used  in  forms  whose  length  as  compared  with 
cross  section  is  a  minimum,  the  steel  will  possess  the  same  advantage  of 
30  per  cent,  over  iron.  But  this  superior  resistance  rapidly  diminishes 
as  the  length  of  the  strut  is  increased.  Our  experiments  show  that  when 
the  ratio  of  length  over  least  radius  of  gyration  is  150,  the  mild  steel 
strut  exceeds  the  iron  strut  in  resistance  about  10  per  cent.;  and  that 
when  this  ratio  is  200,  practical  equality  between  the  two  metals  is  ob- 
tained. Hence,  we  cannot  make  any  general  comparison  as  to  the  rela- 
tive efficiencies  of  steel  and  iron,  without  considering  their  application. 

Mr.  E.  B.  DoRSEY. — The  prices  named  applied  only  to  ship-buildings 
and  showed  the  relative  proportion  that  the  ship-owner  could  afford  to 
pay  for  iron  or  steel  ships. 

A  ship  built  of  iron  at  1^  cents  per  pound,  would  cost  less  than 
one  of  steel  at  2  cents  per  pound,  both  of  the  same  gross  tonnage,  but 
the  net  carrying  and  earning   capacity  of  the  latter  would  be  greater,. 
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owing  to  having  less  dead  weight,  caused  by  being  built  of  a  stronger 
material,  consequently  less  of  it ;  this  allows  the  ship-owner  to  make  the 
diflference  of  33^  per  cent,  of  steel  over  iron. 

In  ordinary  structural  work  it  will  not  be  safe,  in  my  judgment,  to 
assume  the  efficiency  more  than  20  to  25  per  cent. 

Mr.  J.  F.  Hollo  WAY. — I  would  like  to  ask  whether  you  have  tested 
specimens  cut  from  different  parts  of  beams,  to  observe  the  change 
effected  by  reduction  of  section? 

Mr.  James  Christie.— We  have  tested  many  such  specimens,  both  in 
tension  and  compression,  and  while  undoubtedly  the  more  the  steel  is 
condensed  by  the  rolling  process  the  higher  its  resistance  will  be,  yet  we 
have  never  observed  the  wide  differences  found  by  Kirkaldy  in  his  ex- 
periments on  Swedish  steel.  The  most  striking  difference  between  steel 
and  iron  seems  to  be  in  the  greater  variation  of  elasticity  under  compres- 
sion. In  the  former  material,  in  tension  steel  is  the  stiffest  and  probably 
most  uniform,  while  in  compression  it  is  reverse  as  compared  with  iron. 
The  specimens  exhibited  here  illustrate  this:  they  were  cut  from  a 
12-inch  X  beam,  which  was  tested  transversely  in  a  13- foot  length. 
In  tension  the  ultimate  strength  was  70  000  pounds,  and  elastic  limit 
42  000  pounds  per  square  inch,  and  modulus  of  elasticity  32  800  000 
pounds.  In  compression  the  elastic  limit  was  38  000  pounds  per  square 
inch,  and  modulus  of  elasticity  17  500  000  pounds.  Transversely,  the 
modulus  of  elastic  resistance  was  39  000,  and  the  modulus  of  elasticity 
28  000  000  pounds.  The  chemical  analysis  of  this  steel  showed  .  15 
carbon. 

Mr.  Percival  Egberts,  Jr. — I  desire  to  say,  in  regard  to  these  experi- 
ments, that  while  we  have  no  prejudices  in  the  matter,  yet  they  certainly 
did  not  give  the  results  we  expected  to  get  from  steel.  The  experiments 
were  intended  to  be  made  a  year  or  eighteen  months  ago  ;  we  were  met 
on  all  sides  by  engineers  saying  that  it  was  only  a  matter  of  a  few  years 
before  we  should  have  steel  entirely.  At  the  same  time,  no  one  was  able 
to  give  us  any  data  in  regard  to  how  much  better  results  could  be  obtained 
from  steel  than  from  iron.  It  resolved  itself  into  a  very  serious  question, 
whether  we  should  be  compelled  to  go  entirely  into  the  manufacture  of 
structural  steel  instead  of  wrought  iron;  and  being  unable  to  get  any 
information  whatever,  we  determined  to  make  these  experiments  for  our 
own  use.     And  after  making  them  and  getting  the  results  we  did,  we 
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concluded  that  for  a  few  years  to  come,  at  least,  we  might  as  well  keep 
on  manufacturing  wrought  iron.  We  frequently  hear  statements  similar 
to  Mr.  Dorsey's  of  this  afternoon  on  this  subject.  They  are  always  gen- 
eral in  their  character.  They  say  steel  is  stronger  than  iron.  We  all 
know  that ;  but  at  the  same  time  they  furnish  us  no  definite  information 
on  which  to  base  calculations.  I  think  that  steel  will  not  come  into 
genera]  use  until  we  come  to  the  conclusion  that  when  we  use  it, we  are 
not  working  with  wrought  iron.  Steel  is  a  different  material,  and  must 
be  treated  in  a  different  manner,  just  as  you  cannot  treat  cast  iron 
the  same  as  wrought  iron.  It  is  a  crystalline  material,  entirely  different 
in  its  nature. 

Mr.  William  J.  MoAlpine. — Will  you  give  us  a  definition  of  wrought 
iron,  steel  and  cast  iron  ? 

Mr.  Pekcival  Egberts,  Jr. — A  gentleman  said  this  morning  that  any- 
thing that  could  not  be  said  in  ten  minutes  could  not  be  remembered,  so 
I  will  not  undertake  it.  I  do  not  think  it  would  be  possible  in  a  few 
words  to  define  the  difference.  I  do  not  know  of  any  better  definition 
of  steel  than  that  it  is  a  crystalline  metal,  produced  by  fusion,  and  capa- 
ble of  being  wrought  at  a  red  heat. 

O.  E.  Michaelis,  M.  Am.  Soc.  C.  E.— Alluding  to  Mr.  Koberts'  state- 
ment in  regard  to  the  difficulties  in  the  mechanical  manipulation  of  steel, 
I  understand  that  it  is  claimed  that  in  the  open-hearth  steel  they  can 
obtain  constant  results,  as  regards  its  qualities,  by  mechanical  treatment. 
I  would  like  to  hear  from  some  gentleman  present  on  that  subject. 

Mr.  Peecival  Egberts,  Jr. — I  do  not  think  that,  so  far  as  we  know, 
there  is  any  difference  in  quality  between  the  open-hearth  and  Bessemer 
steel.  Equally  good  material  can  be  made  by  either  process  ;  but  in 
handling  large  masses,  such  as  large  castings  of  a  number  of  tons  weight, 
the  open -hearth  process  is  the  better.  You  can  handle  larger  masses  of 
material  by  the  open-hearth  process.  In  our  experiments  on  both 
classes  of  material,  we  have  had  equally  good  results  from  each — we  saw 
very  little  difference.  I  will  say  that  authorities  do  not  agree  on  the 
subject.  Those  who  have  Bessemer  plants  consider  Bessemer  steel  the 
better,  and  those  who  have  the  open-hearth  are  in  favor  of  that. 
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In  December,  1880,  the  Humj^hrey  Machine  Company,  of  Keene, 
N.  H.,  made  a  contract  with  the  Tremont  and  Suffolk  Mills,  one  of  the 
manufacturing  corporations  of  Lowell,  Mass.,  to  furnish  and  set  up 
complete  in  their  mills,  a  turbine  water-wheel  of  about  275  horse  power, 
when  used  under  a  working  head  of  13  feet,  to  replace  a  Fourneyron 
turbine  of  about  162  horse  power,  under  the  same  fall ;  the 
compensation  for  the  same  to  depend  on  its  performance  under  a  test  to 
be  made  under  the  supervision  and  direction  of  the  writer. 

The  wheel  is  of  the  class  combining  an  inward  flow  with  a  downward 
and  outward  discharge.  It  has  some  peculiarities  of  form  and 
construction,  the  invention  of  Mr.  John  Humphrey,  of  Keene,  N.  H., 
for  which  he  was  granted  letters  patent  No.  260  202,  dated  June 
27th,  1882. 
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It  is  designed  to  run  generally  to  its  full  capacity,  that  is,  with  the 
regulating- gate  fully  open,  and  in  connection  with  a  steam  engine  and 
other  water-wheels,  and  is  not  provided  with  a  governor,  the  sj)eed 
of  the  mill  being  regulated  at  the  steam  engine  or  other  water-wheels. 

The  turbine  experimented  on,  together  Mdtli  the  apparatus  for 
weighing  the  power  developed  and  the  quantity  of  water  discharged,  is 
represented  on  Plates  XLI  and  XLII. 

Plate  XLI,  Fig.  1,  is  a  vertical  section  through  the  centre  of  the  pen- 
stock, wheel,  weir,  &c.  Fig.  2  is  a  horizontal  section  on  a  larger  scale, 
showing  part  of  the  stationary  cylinder,  regulating-gate,  and  two  of  the 
guides.  Plate  XLII  is  apian  of  the  entire  apparatus.  AA,  the  wheel, 
carrying  thirteen  buckets,  a  a  a.  B  B,  a  stationary,  cylindrical  casing, 
which  incloses  the  wheel  and  supports  other  parts  of  the  apparatus.  It 
has  twelve  orifices,  q,  in  it  for  admitting  the  water  to  the  wheel.  (7(7, 
the  regulating- gate  and  chute-rim.  It  consists  of  two  curved  crowns, 
V  V,  between  which  are  twelve  guide-vanes,  s  s-,  corresponding  to  the  aper- 
tures in  the  stationary  easing  B.  The  regulating-gate  is  caused  to  rotate 
between  fixed  stops,  so  placed  that  when  the  gate  is  in  contact  with  one 
set  of  stops,  the  orifices  q  in  the  fixed  cylinder  BB  are  closed,  and  no 
water  is  admitted  to  the  wheel;  and  when  the  gate  is  rotated  in  the 
opposite  direction,  and  is  in  contact  with  the  other  set  of  stops,  the 
orifices  in  the  cylinder  BB  are  fully  open,  as  shown  in  Fig.  2,  Plate  XLI. 
The  regulating- gate  is  caused  to  rotate  by  means  of  the  pinions  DBDD, 
working  into  racks  on  the  periphery  of  the  gate,  and  operated  by  the 
hand-wheel  G,  through  the  wheel  and  pinion  F  and  the  worms  EE, 

The  gate  rests  on  the  balls,  h  b,  which  are  designed  to  revolve  with 
the  movement  of  the  gate.  The  buckets,  a  a  a,  are  of  bronze,  with 
warped  surfaces  on  which  the  water  impinges.  They  are  fastened  to 
the  cast-iron  centre-piece  by  flanges,  forming  parts  of  the  buckets, 
which  fill  up  the  spaces  between  the  buckets  and  form  a  bronze  lining 
to  the  centre-piece,  to  which  they  are  fastened  by  bolts  with  counter, 
sunk  heads . 

The  weight  of  the  wheel,  upright  shaft  and  friction  pulley  is  sup- 
ported on  the  bearing  at  the  top  of  the  shaft,  which  has  a  series  of  necks 
-and  projections  to  increase  the  bearing -surface.  There  is  also  a  wooden 
step,  9  inches  in  diameter,  at  the  bottom  of  the  shaft,  to  support  the 
same  when  the  top  bearing  is  taken  pff  or  fails  in  any  way. 

The  water  is  conducted  from  the  forebay  R  to  the  wheel  by  the  pen- 
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stock  TT.  The  wrought-iron  part,  connecting  with  the  forebay,  formerly 
supplied  the  Fourneyron  turbine,  and  is  somewhat  too  small  for  this 
wheel,  causing  too  great  a  velocity  and  a  corresponding  loss  of  head, 
amounting  to  about  4  inches  when  the  regulating-gate  is  fully  open. 
The  connection  of  the  wrought-iron  part  with  the  cast-iron  should  have 
been  on  one  side  instead  of  central,  in  order  to  give  the  water  immedi- 
ately over  the  wheel  a  rotatory  motion  in  the  direction  of  the  motion  of 
the  wheel,  which  would  prevent  part  of  the  loss  of  head  due  to  the 
velocity  of  the  water  in  passing  from  the  forebay  to  the  wheel.  In  these 
experiments,  the  height  of  the  water  above  the  wheel  being  taken  im- 
mediately over  the  wheel,  the  loss  arising  from  the  insufficient  size  of 
the  penstock  is  eliminated. 

The  apparatus  for  weighing  the  power  developed  by  the  wheel,  or  the 
useful  effect,  was  arranged  by  Mr.  John  Humphrey. 

The  main  gear  for  transmitting  the  power  from  the  wheel  was  re- 
moved and  the  friction  pulley  HH  substituted.  It  is  of  cast-iron,  keyed 
to  the  vertical  shaft,  and  has  a  series  of  channels  cast  in  its  rim,  through 
which  water  circulates  to  carry  off  the  heat  developed  by  the  friction  of 
the  brake,  //is  the  brake,  which  is  connected  with  the  bell-crank  3/ by 
the  link  K,  operating  on  the  knife-edges  LL'.  The  bell-crank  MM  is 
suspended  on  the  knife-edge  N  and  carries  the  scale-pan  I.  The  bell- 
crank  and  scale-pan  were  balanced  by  the  weight  P,  by  means  of  the 
beam  00.  Q,  the  hydraulic  regulator,  consisting  of  a  piston  moving 
freely  in  water,  the  piston  being  about  a  sixteenth  of  an  inch  less  in 
diameter  than  the  cylinder,  allowing  the  piston,  and  with  it  the  bell- crank 
and  brake,  to  move  slowly  through  a  limited  range  without  sensible 
resistance,  the  water  on  one  side  of  the  piston  passing  to  the  other  side 
through  the  narrow  space  between  the  edge  of  the  piston  (which  is  a 
plate  of  iron  about  half  an  inch  in  thickness)  and  the  cylinder.  With- 
out the  hydraulic  regulator,  or  its  equivalent,  there  is  some  uncertainty 
in  the  indications  of  the  Prony  brake,  from  its  sudden  movements  and 
violent  shocks,  apparently  caused  by  variations  in  the  friction  due  to  the 
expansion  and  contraction  of  the  friction  pulley  from  changes  of  tem- 
perature, from  variations  in  the  lubrication,  and  perhaps  from  other 
causes.  The  hydraulic  regulator  compels  a  slow  movement  of  the  arm 
of  the  brake,  but  allows  it  to  yield  readily  to  a  preponderating  force  in 
either  direction. 

The  brake  lever  //  is  of  wood.     The  plate  iron  strap  kkis  lined  with 
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a  series  of  wooden  blocks  n  n^  which  cover  about  two-thirds  of  the- 
periphery  of  the  friction  pulley,  and  is  tightened  up  by  a  screw  oper- 
ated by  the  hand-wheel  and  pinion  o.  The  necessary  tension,  in  order 
that  the  friction  may  be  equal  to  the  effect  of  the  weight  in  the  scale-pan, 
is  adjusted  by  the  operator  of  the  hand-wheel,  who  keeps  his  eye  on  the 
zero  of  the  gauge  u  and  the  pointer  ^ ;  if  he  sees  the  pointer  to  be  above 
the  zero,  he  slackens  the  screw,  and  if  below  he  tightens  it. 

i?  is  the  surface  of  the  water  in  the  forebay,  S  the  surface  of  the 
water  in  the  wheelpit ;  the  difference  of  level  between  the  two  surfaces 
being  the  actual  fall  of  the  water.  The  water  in  the  wheelpit  being 
more  or  less  agitated,  to  obtain  its  mean  height,  a  pipe,  cc^  was  laid  on  the 
wheelpit  floor,  connecting  at  each  end  with  a  water-tight  box  (f,  contain- 
ing the  wheelpit  gauge.  The  pipe  was  1^  inches  in  diameter,  and  had 
32  holes  1^6  inch  in  diameter  on  its  upper  side,  varying  from  2  to  2^ 
feet  apart,  the  spaces  between  them  being  the  greatest  near  the  box. 

In  the  contract  under  which  the  wheel  was  furnished,  and  its  power 
guaranteed,  it  was  provided  that  the  ''working  head "  was  to  be  taken, 
which  was  construed  to  mean  the  effective  head  at  the  wheel,  which  was^ 
ascertained  by  means  of  the  pipe  eee  connected  with  the  penstock  di- 
rectly over  the  wheel.  This  pipe  terminated  at  a  glass  tube  placed 
opposite  a  gauge  /,  at  which  the  height  of  the  water  above  the  wheel  was 
observed  ;  and  the  working  head,  or  "  total  fall  acting  upon  the  wheel,"" 
used  in  computing  the  results  of  the  tests,  is  the  difference  in  the 
heights  of  the  water  at  this  gauge,,  and  at  the  wheelpit  gauge  in  th& 
box  d. 

The  quantity  of  the  water  discharged  by  the  wheel  was  gauged  at 
the  weirs  ZJt/,  both  weirs  being  of  the  full  width  of  the  channels  leading 
to  them,  that  is,  there  was  no  contraction  at  the  ends.  The  length  of 
the  easterly  weir  was  11.22  feet,  and  of  the  westerly  weir  10.98  feet.  To 
prevent  the  agitation  of  the  water  in  the  wheelpit  from  affecting  the  dis- 
charge over  the  weirs,  racks  or  gratings,  VV,  were  placed  at  the  outlets  of 
the  wheelpit,  causing  a  sensible  fall  in  passing  through  them,  and  a 
nearly  uniform  flow  over  the  whole  section  of  the  channels,  and  prevent- 
ing eddies  and  other  irregularities  in  the  flow  toward  the  weirs. 

The  height  of  the  water  on  the  down-stream  side  of  the  weir  was  regu- 
lated so  as  to  be  sufficiently  below  the  crest  not  sensibly  to  affect  the 
flow  over  the  weir.  Experiments  made  in  1848,  and  reported  in  Lowell 
Hydraulic  Experiments,  indicated  that  when  the  height  of  the  water 
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on  the  down-stream  side  of  the  weir  was  0.23  feet  below  the  crest,  the 
depth  on  the  weir  being  0.85  feet,  there  was  no  sensible  obstruction  to 
the  flow.  In  some  experiments  made  on  these  weirs,  subsequent  to  the 
experiments  on  the  power  of  the  wheel,  and  reported  in  the  following 
pajjer,  it  was  found  that  when  the  height  on  the  down-stream  side  of 
the  weirs  was  0.27  feet  below  the  crests,  the  depth  on  the  weirs  being 
about  2  feet,  there  was  no  sensible  obstruction  to  the  flow.  In  all 
of  the  turbine  experiments  given  in  this  paper,  the  water  on  the  down- 
stream side  of  the  weirs  was  not  less  than  0.30  feet  below  the  crests, 
and  it  is  assumed  that  there  was  no  sensible  obstruction  to  the  flow 
caused  by  the  water  on  the  down -stream  side  of  the  weirs. 

The  quantity  of  water  flowing  over  the  weirs  has  been  computed  by 
the  formula  given  in  Lowell  Hydraulic  Experiments,  viz. : 

Q  =  3/S3  LH^ 

corrected  for  the  velocity  of  the  water  approaching  the  weir  by  the 
method  described  at  page  252  of  the  third  and  fourth  editions  of  the 
same. 

The  depths  on  the  ^veirs  were  measured  by  the  hook  gauges  XY, 
placed  in  water-tight  vessels  connected  with  the  channels  of  approach  to 
the  weirs  by  the  pipes  ggg,l  inch  in  diameter,  the  parts  of  the  pipes  in 
the  channels  of  approach,  parallel  to  and  6  feet  from  the  weirs,  being 
enlarged  to  1.5  inch  diameter,  and  perforated  with  12  holes  ^a  inch 
diameter  for  each  weir. 

m  is  a  pipe,  provided  with  a  valve,  through  which  the  water  in  the 
wheelpit  could  be  drawn  off  when  the  water  in  the  raceway  on  the  down- 
stream side  oF  the  weir  was  sufficiently  lowered  ;  this  valve  was  closed 
daring  the  experiments  on  the  turbine. 

Experiments  were  made  to  ascertain  the  leakage  during  the  experi- 
ments from  the  wheelpit,  and  through  the  floor  and  sides  of  the  wood- 
work of  the  weirs,  and  their  connection  with  the  wheelpit  ;  it  was  found 
to  be  very  small,  not  exceeding  0.01  cubic  foot  per  second. 

The  water  used  for  cooling  and  lubricating  the  friction  pulley  was 
gauged  in  a  water-meter,  and  found  to  be  about  0.03  cubic  foot  per 
second  ;  this  water  passed  into  the  wheelpit,  and  is  included  in  the 
quantity  gauged  at  the  weirs.  Tiie  difference  between  this  quantity  and 
the  leakage  from  the  wheelpit  is  taken  at  0.02  cubic  foot  per  second, 
and  this  quantity  has  been  deducted  from  the  quantity  gauged  at  the 
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weirs  to  give  the  quantity  discharged  by  the  turbine  in  each  experi- 
ment. 

The  power  developed  by  the  wheel  was  measured  by  the  Prony  brake, 
the  friction  pulley  HH  oi  which  had  a  rubbing  surface  5.44  feet  in  diam- 
eter and  2.70  feet  wide.  Its  weight  was  about  10  300  pounds,  exceeding 
the  weight  of  the  crown  gear,  which  it  replaced  for  the  purpose  of  these 
experiments,  by  about  5  800  pounds.  The  brake  was  suspended  from 
the  floor  above  by  a  perpendicular  rod  attached  to  a  bolt  passing 
through  its  centre  of  gravity,  the  length  of  the  rod  being  adjusted  by  a 
turnbuckle,  so  that  the  brake  just  cleared  the  flange  at  the  lower  edge  of 
the  friction  pulley.  The  effective  length,  hL,  of  the  brake  //was  15.90 
feet,  and  that  of  the  arms  /^iVand  Ni  oi  the  bell- crank  M,  respectively, 
6.015  feet  and  12.013  feet,  making  the  efl'ective  distance  of  the  point  of 
application  of  the  weight  in  the  scale-pan  I  from  the  centre  of  the  water- 
wheel  shaft, 

m90^><J2^013  ^  3^^,5  f^; 
6.015 

the  circumference  of  a  circle  of  this  radius  being  199.523  feet.  The 
speed  of  the  wheel  was  obtained  by  means  of  a  clock,  driven  by  a  worm 
at  the  top  of  the  wheel  shaft  (not  represented  on  the  plate),  which  struck 
a  bell  at  intervals  of  25  revolutions,  the  time  of  each  stroke  being  noted 
and  recorded  by  an  observer  with  a  marine  chronometer  beating  half- 
seconds. 

In  making  the  experiments,  a  separate  observer  was  appointed  to 
note  each  item  of  the  required  data;  each  was  furnished  with  a  time- 
keeper adjusted  to  the  chronometer  with  Avhich  the  speed  of  the  wheel 
was  noted.  The  time  of  making  the  observation  and  the  reading  at  the 
several  gauges  were  usually  made  and  recorded  continuously  every 
minute,  without  reference  to  whether  they  would  be  ultimately  used  or 
not.  Subsequently,  by  a  comparison  of  tbe  several  note  books,  the  time 
of  the  beginning  and  ending  of  an  experiment  was  selected  so  as  to 
insure  the  greatest  uniformity  in  the  readings,  indicating  that  there  was, 
as  nearly  as  practicable,  a  state  of  permanence  in  all  the  data.  A  mean 
of  all  the  observations  made  at  each  station,  within  the  time  selected, 
was  taken  for  the  data  at  that  station. 

The  data  obtained  by  observation,  and  the  results  of  the  computa- 
tions, are  shown  on  the  accompanying  sheet,  headed  "  Table  of  Experi- 
ments on  the  Humphrey  Turbine  at  tlie  Trcmout  and  Suff'olk  Mills." 
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Most  of  the  columns  are  sufficiently  explained  by  their  respective 
headings. 

Column  4. — Opening  of  the  regulating-gate.  The  distance  given  is 
the  chord  of  a  circle  of  4.35  feet  radius,  which  is  the  radius  of  the  outer 
periphery  of  the  stationary  cylindrical  casing  BB.  The  height  of  the 
orifice  is  2.086  feet,  and  is  the  same  for  all  openings,  being  the  height 
of  the  orifices  in  the  stationary  cylindrical  casing  BB.  The  mean  width, 
w  w,  at  the  smallest  section  is  0.521  foot,  and  the  average  height  of  the 
same  is  2. 130  feet,  making  the  sum  of  the  areas  of  the  smallest  sections 
of  the  twelve  orifices  through  which  the  water  flows  before  entering  the 
wheel,  13.317  square  feet.  The  co-efficient  of  discharge  through  these 
smallest  sections,  when  the  regulating-gate  is  fully  open,  varies  with  the 
velocity  ;  when  the  velocity  of  the  periphery  of  the  wheel  is  0.70  of  the 
velocity  due  the  fair  acting  upon  the  wheel,  the  co- efficient  is  0.559; 
when  the  velocity  is  0.73,  the  co-efficient  is  0.551 ;  when  0.75,  the  co- 
efficient is  0.546  ;  and  when  1.17,  the  co-efficient  is  reduced  to  0.362.  In 
this  last  case  the  wheel  was  running  without  load,  the  brake  being  loose. 
When  the  brake  was  tightened  up  so  as  to  prevent  the  wheel  from 
revolving,  the  co  efficient  of  discharge  was  0.620. 

Colun:^  8. — The  weights  used  were  corrected  and  sealed  by  the 
official  sealer  of  weights  and  measures  for  the  city  of  Lowell. 

Column  9  is  found  in  the  following  manner  :  The  number  in  column 
7  being  divided  by  the  corresponding  number  in  column  6,  the  quotient 
is  the  number  of  revolutions  of  the  wheel  per  second.  This  quotient, 
multiplied  by  199.523,  gives  the  velocity  that  the  point  of  application  of 
the  weight  tends  to  take,  or,  in  other  words,  the  velocity  with  which  the 
weight  would  be  lifted,  if,  for  an  infinitely  short  time,  the  brake  and  the 
apparatus  connecting  it  with  the  weight  were  rigidly  connected  with  the 
friction  pulley;  this  velocity,  multiplied  by  the  weiglit  in  the  scale-pan 
(given  in  column  8),  gives  the  useful  effect  given  in  column  9. 

Columns  10  and  11  are  obtained  in  the  manner  explained  in  the  above 
description  of  the  wheel  and  apparatus. 

Column  12,  weight  of  a  cubic  foot  of  water,  is  taken  from  Table  I  in 
Xiowell  Hydraulic  Experiments. 

Column  13.— Total  power  of  the  water.  This  is  the  product  of  the 
corresponding  numbers  in  columns  10  and  12,  and  the  quantity  of  water 
discharged  by  the  wheel  given  in  column  11. 

Column  14  is  the  quotient  of  the  corresponding  numbers  in  column 
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9  divided  by  those  in  column  13,  and  is  the  ratio  of  the  useful  effect  of 
the  wheel  to  the  total  power  of  the  water  expended. 

Column  15  gives  the  velocity  of  the  exterior  periphery  of  the  wheel, 
relatively,  to  the  theoretical  velocity  of  the  water  due  to  the  fall  acting 
on  the  wheel. 

Column  16. — The  quantity  of  water  which  would  have  been  discharged 
by  the  wheel,  if  the  fall  acting  on  the  wheel  had  been  13  feet.  This  is 
deduced  from  the  actual  discharge  given  in  column  11  under  the  corre- 
sponding fall  given  in  column  10,  corrected  for  a  fall  of  13  feet,  on  the 
principle  that  the  discharge  varies  as  the  square  root  of  the  head.  These 
quantities  are  given  to  show  the  variations  in  the  discharge  of  the  wheel 
depending  on  its  velocity,  the  effect  of  the  variations  in  the  fall  acting 
upon  the  wheel  being  eliminated. 

The  ratios  of  the  useful  effect  to  the  power  expended,  and  the  corre- 
sponding velocities  of  the  wheel  for  the  several  openings  of  the  regulat- 
ing-gate, are  represented  by  the  diagrams  on  Plate  XLIII.  The  abscissas 
being  the  "ratios  of  the  velocity  of  the  exterior  circumference  of  the 
wheel  to  the  velocity  due  to  the  fall  acting  on  the  wheel,"  given  in  col- 
umn 15  of  the  table,  and  the  ordinates,  the  corresponding  "ratios  of  the 
useful  effect  to  the  power  expended,"  given  in  column  14.  By  reference 
to  the  table  and  diagrams,  it  will  be  seen  that  when  the  speed  gate  is 
fully  open  and  the  ratio  of  the  velocity  of  the  exterior  circumference  of 
the  wheel  to  the  velocity  due  to  the  fall  acting  on  the  wheel  is  between 
70  and  75  per  cent.,  the  co-efficient  of  useful  effect  is  about  82  per  cent. 
As  the  opening  of  the  gate  is  reduced,  the  co-efficient  of  useful  effect 
diminishes,  and  also  the  velocity  of  the  wheel  giving  the  maximum  co- 
efficient of  useful  effect;  thus,  when  the  regulating-gate  is  one-half  open, 
nearly,  the  co-efficient  of  useful  effect  is  about  65  per  cent.,  and  the 
velocity  giving  the  maximum  co-efficient  of  useful  effect  between  57  and 
66  per  cent. 
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EXPERIMENTS  ON  THE  -FLOW  OF  WATER  OVER 
SUBMERGED  WEIRS. 


By  James  B.  Fkancis,  Past  President  Am.  Soc.  C.  E. 
Read  at  the  Annual  Convention,  June  10th,  1884. 


The  usual  formula  for  computing  the  flow  over  a  weir,  the  crest  of 
which  is  below  the  level  of  the  surface  of  the  water  on  the  down-stream 
side  of  the  weir,  is 

q  =  Cl  L  \/^{H"-H"'Y  -\-C'LH"'V2g  [H"  —H'") 
in  which 

Q  =  the  quantity  of  water  discharged  in  cubic  feet  per  second. 

L  =  the  length  of  the  weir. 

n"  =  th.e  height  of  the  water  on  the  up-stream  side  of  the  weir 
above  its  crest. 

H'"  =the  height  of  the  water  on  the  down-stream  side  of  the  weir 
above  its  crest. 

g  =  the  velocity  acquired  by  a  body  at  the  end  of  the  first  second  of 
its  fall  in  a  vacuum. 
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Oand  C",  co-efficients  to  be  determined  by  experiment. 
The  first  term  of  the  second  member  of  this  equation  is  the  usual 
formula  for  computing  the  flow  over  a  weir  in  which  there  is  no  obstruc- 
tion to  the  flow  from  the  water  on  the  down-stream  side,  using  for  the 
depth  on  the  weir  H"  —  H"' ;  that  is,  the  part  of  the  whole  depth,  H'\ 
which  is  above  the  level  of  the  water  on  the  down-stream  side,  is  treated 
as  a  regular  weir. 

The  second  term  of  the  second  member  of  the  equation  is  the  usual 
formula  for  the  flow  through  an  orifice  of  the  length  L  and  height  H"\ 
through  which  the  water  is  discharged  under  a  head  H"  —  H'". 

The  apparatus  arranged  for  testing  a  turbine  water-wheel  at  the  Tre- 
mont  and  Sufi'olk  mills  in  1883,  and  represented  in  Plates  XLI  and  XLII 
in  Paper  CCLXXXVIII  of  the  Transactions  of  this  Society,  afforded  a 
favorable  opportunity  for  testing  the  above  formula  and  determining  the 
values  of  the  co-efficients  C  and  C";  the  only  additions  required  to  that 
described  in  Paper  CCLXXXVIII  being  the  hook-gauge  Z  and  the  pipe 
pp  for  determining  the  exact  height  of  the  water  on  the  down-stream 
side  of  the  weirs.  This  pipe  was  1 . 5  inches  in  diameter,  and  the  part 
immediately  opposite  the  weirs  had  16  holes  on  its  upper  side,  placed 
at  equal  distances,  -^^  inch  in  diameter,  which  were  its  only  openings, 
except  at  its  connection  with  the  vessel  in  which  the  hook-gauge  Z  was 
placed,  and  the  arrangement  was  such  that  the  height  of  the  water  in 
this  vessel  was  at  the  mean  level  of  the  water  18  feet  distant  from  the 
weirs  on  their  down-stream  side. 

During  the  experiments  the  wheel  was  prevented  from  revolving,  the 
brake  being  screwed  up  tight  and  securely  blocked.  The  regulating- 
gate  was  opened  to  admit  a  quantity  of  water  to  give  the  desired  depth 
on  the  weirs  when  there  was  no  obstruction  to  the  flow  from  the  water 
on  the  down-stream  side  of  the  weirs;  the  quantity  of  water  flowing 
over  the  weirs  was  then  gauged  by  the  usual  weir  formula;  the  level  of 
the  water  on  the  down-stream  side  was  then  raised,  a  little  at  a  time,  and 
maintained  long  enough,  at  any  desired  height,  to.  allow  observations  to 
be  made  at  the  several  gauges.  There  is  a  waste  weir  in  the  canal,  into 
which  the  water  discharged  over  the  weirs  flowed,  which  afforded  ample 
means  for  regulating  the  height  of  the  water  on  the  down-stream  side  of 
the  weirs. 

When  the  water  is  raised  on  the  down-stream  side  of  the  weirs  to  a 
height  to  obstruct  the  flow  over  the  weirs  its  effect  is  to  raise  the  height 
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of  the  water  on  the  up-stream  side  of  the  weirs  without  any  change  in 
the  quantity  of  water  flowing  over  the  weirs,  and  the  experiments  con- 
sisted in  observing  the  heights  of  the  water  above  and  below  under  these 
circumstances. 

The  data  obtained  by  observation  and  the  results  of  the  computa- 
tions are  given  in  Table  III,  headed  "Experiments  on  the  Flow  of 
Water  over  a  Submerged  Weir."  Several  of  the  columns  require  no 
further  explanation  than  is  contained  in  the  headings.  For  brevity,  I 
call  the  water  on  the  down-stream  side  of  the  weir  backwater. 

Column  2,  opening  of  the  regulating-gate.  This  determined  the  quan- 
tity of  water  flowing  over  the  weirs,  and  remained  unchanged  dur- 
ing a  series  of  experiments  with  the  backwater  at  different  heights. 

Column  6,  fall  at  wheel.  This  is  the  difference  in  the  heights  of  the 
water  at  the  wheel-pit  gauge  in  the  box  d  and  at  the  gauge  /,  and  is  the 
effective  head  acting  upon  the  orifices  formed  by  the  opening  of  the 
regulating-gate  given  in  column  2.  If  the  head  and  orifices  are  constant 
the  quantity  of  water  discharged  will  also  be  constant.  As  has  been 
stated,  the  orifices  were  constant  during  all  the  experiments  in  which 
the  opening  of  the  regulating- gate  was  the  same;  there  were,  however, 
variations  in  the  head  due  to  variations  in  the  height  in  the  forebay  R, 
and  also  in  the  wheel-pit,  the  latter  variations  being  due  mainly  to  the 
obstruction  to  the  flow  over  the  weir  caused  by  the  backwater.  The 
variations  in  the  height  in  the  forebay  were  due  to  variations  in  the 
height  of  the  water  in  the  canal  from  which  the  water  was  drawn.  A 
correction  in  the  depth  on  the  weir  is  required  for  the  variations  in  the 
head,  as  will  be  explained  further  on. 

Column  7,  mean  elevation  of  water  on  down-stream  side  of  the  weirs, 
or  the  backwater,  with  reference  to  the  crests  of  the  weirs,  by  back- 
water hook  gauge.  These  heights  were  observed  at  the  hook-gauge  in 
the  vessel  Z,  and,  as  has  been  stated,  is  the  height  at  the  distance  of 
18  feet  from  the  weirs.  It  was  taken  at  this  distance  in  order  to  be  free 
from  the  disturbing  effect  due  to  the  great  agitation  in  the  water  caused 
by  the  flow  over  the  weirs.  Where  blanks  occur  in  this  column  the 
water  was  more  than  0 .  75  feet  below  the  crests  of  the  weirs,  and  was 
too  low  to  be  observed  by  the  hook-gauge. 

Column  8,  mean  fall  at  wheel,  and  corresponding  mean  depth  on 
weirs,  when  the  water  on  the  down-stream  side  of  the  weirs  is  at  a 
height  which  it  is  assumed   does  not  affect  the  flow  over  the  weirs. 
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These  are  the  standard  falls  and  depths  on  the  weirs,  to  which  the 
observed  depths  on  the  weirs  have  been  reduced  on  account  of  the  vari- 
ations in  the  head  acting  upon  the  orifices  at  the  regulating-gate. 

Column  9,  mean  depth  on  the  weirs  by  observation.  The  depths 
were  observed  at  the  hook- gauge  boxes  XYin  the  manner  described  in 
Paper  CCLXXXVIII  for  the  experiments  on  the  Humphrey  turbine 
water-wheel. 

Column  10,  depth  on  weirs,  on  the  assumption  that  the  flow  is  not 
affected  by  the  height  of  the  water  on  the  down-stream  side,  corrected 
for  the  fall  at  the  wheel,  by  the  formula 

—  (D\ 

in  which  H'  =the  corrected  depth  on  the  weirs. 

H=  the  depth  on  the  weirs  when  the  fall  acting  on  the  wheel  is  h. 

h'  =  the  actual  fall  at  the  wheel. 

To  find  the  effect  of  the  height  of  the  backwater  on  the  depth  of  the 
water  on  the  weirs,  it  is  necessary  to  know  what  the  depth  on  the  weirs 
would  have  been  if  there  had  been  no  backwater;  this  varies  with  the 
quantity  flowing  over  the  weirs,  which  varies  with  the  head  acting  on 
the  orifices  in  the  regulating-gate.  For  comparison,  I  reduce  the  depths 
on  the  weirs  to  what  they  would  have  been  if  the  effective  head  acting 
on  the  orifices  in  the  regulating -gate  had  been  constant  for  all  the 
experiments  with  the  same  opening  of  gate,  and  as  given  in  column  8. 

Adopting  the  above  notation,  and  calling  m  the  co-efiicient  of  dis- 
charge at  the  orifices  in  the  regulating-gate,  A  their  aggregate  area,  and 
n  the  CO- efficient  of  the  usual  formula  for  flow  over  a  weir,  we  have  for 
the  discharge  at  the  gate,  when  the  head  is  h, 

Q  =  m  A  1/2  gh 
and  when  the  head  is  h', 

Q'  =m  AV^  gh'. 
By  division, 

i'-  Ik 

For  the  discharge  at  the  weirs  we  have 

q  =.\n  V^  LH'^' 

q      VtTJ      V  k 


H 
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Squaring  both  sides,  and  extracting  the  cube  roots, 

-ay 

Then   H' =  H   (|-)^    as  above. 

The  depths  on  the_,weirs  given  in  column  10  have  been  reduced  by 
iihis  formula.  It  is  immaterial  to  what  particular  head  acting  on  the 
orifices  in  the  wheel  the  reduction  is  made,  except  that  it  should  be  near 
the  actual  head.  I  have  taken  the  average  observed  head,  when  there 
was  no  obstruction  fronl  backwater,  for  each  opening  of  the  regulating- 
-gate,  and  the  corresponding  average  depth  on  the  weirs. 

Column  11,  change  in  the  depth  on  the  weirs  caused  by  the  back- 
water. This  is  the  difference  in  the  depths  on  the  weirs  given  in  columns 
9  and  10.  The  differences  are  given  only  for  the  experiments  in  which 
it  is  supposed  there  could  be  any  effect  on  the  depth  on  the  weir  by  the 
backwater. 

Column  12,  quantity  of  water  discharged  at  the  orifices  in  the  regu- 
lating-gate and  passing  over  the  weirs,  computed  by  the  usual  weir 
formula  for  the  case  when  there  is  no  obstruction  to  the  flow  from  back- 
water. These  quantities  are  assumed  to  be  the  actual  quantities  of 
water  flowing  over  the  weirs  in  the  several  experiments,  whether  the 
flow  was  affected  by  backwater  or  not. 

Column  13,  quantity  of  water  discharged  by  the  formula 

Q'  =  ^.^^L{H"—H"y   -f  4.5988  LH"'VH"~H"  ' 

which  is  adopted  as  the  result  of  these  experiments.    A  simpler  form  for 
computation,  deduced  directly  from  the  preceding,  is 

§'=3.33  L  VH"  —  H"'  (fl-" +0.381  H"  ') 

The  first  term  of  the  second  member  of  the  former  equation  is  the 
formula  for  the  flow  over  regular  weirs  without  end  contractions  deter- 
mined from  the  experiments  given  in  Lowell  Hydraulic  Experiments. 
The  co-efficient  4 .  5988  of  the  second  term  is  determined  from  the  24 
experiments  selected  from  those  given  in  the  annexed  table  headed 
"Experiments  on  the  Flow  of  Water  over  a  Submerged  Weir."  The 
experiments  selected  are  given  in  the  following  Table  I.  The  above 
formula  was  arrived  at  after  many  trials,  and  represents  very  nearly  the 
average  result  of  the  24  experiments. 
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Putting  the  above  formula  in  the  form, 
Q'  =  ^m  -v/2^  L  {H"  —  H"  ')  +  n  L  H"  '  ^/¥g  Vll"~H"' 
m,  by  Lowell  Hydraulic  Experiments,  page  145,  equals  0.6228;  n,  as 
deduced  from  the  24  selected  experiments,  equals  0.5734. 

The  values  deduced  from  the  several  gr  jups  of  experiments  are  as 
follows: 

Erom  experiments  Nos.  21  to  25,  n  =  0. 5757 

"  *'     43  to  47,  71  =  0.5747 

"  ''     68  to  73,  71  =  0.5723 

"  "     80  to  82,  7i  =  0.5792 

''     93  to  97,  71  =  0.5679 

The  values  of  the  co-efficients  C  and  C",  in  the  formula  adopted,  are 

found  as  follows,  viz. :  For  the  first  term  of  the  second  member  (7  =  |  w 

'/2^  =  I  X  0.6228  X  /2^  =  3.33;  and  for  the  second  term  of  the 
second  member  C  =  n  y/Tg  =  0.5734  -/2^  =  4.5988. 

In  several  of  the  experiments  in  which  the  backwater  was  near  the 
level  of  the  crests  of  the  weirs,  it  will  be  seen  by  the  table  that,  instead 
of  obstructing  the  flow,  the  backwater  facilitated  it;  this  is  due  to  the 
change  in  the  form  of  the  sheet  depending  on  whether  there  was  air 
under  it  or  not.  In  the  column  of  remarks  in  Table  III  the  condition 
of  the  sheet  of  water  in  this  respect  is  given.  When  there  is  no  air 
under  the  sheet,  an  action,  called  by  some  writers  *'  the  lateral  communi- 
cation of  motion  in  fluids,"  comes  into  play;  the  increased  flow  in 
Yenturi's  tubes  and  in  cylindrical  ajutages  appears  to  be  due  to  this 
action.  I  had  previously  observed  this  effect  in  some  experiments  on  a 
weir  made  in  1848,  and  reported  in  Lowell  Hydraulic  Experiments. 

In  Paper  No.  CCLIII  of  the  Transactions  of  the  Society  (1883),  by 
Messrs.  A.  Fteley  and  E.  P.  Stearns,  presented  at  the  Annual  Convention, 
May  19, 1882,  some  experiments  upon  the  discharge  of  water  over  a  sub- 
merged weir  are  described,  and  a  formula,  based  mainly  upon  them,  is 
given.  The  volume  of  water  discharged  was  much  less  than  in  the 
experiments  reported  in  this  paper,  and  the  apparatus  and  method  of 
conducting  the  experiments  were  very  different.  As  both  sets  of  experi- 
ments and  the  formulas  proposed  are  for  the  same  object,  it  is  thought 
that  a  comparison  of  the  results  of  the  two  formulas  would  be  inter- 
esting. 

Table  I  gives  the  computed  quantities  by  both  formulas,  and  also  the 
quantity  which  is  assumed  to  be  the  true  quantity,  in  the  24  experi- 
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ments  selected  as  above  stated.  It  will  be  seen  that  the  Fteley  and 
Stearns  formula  gives  results  conforming  to  what  are  assumed  to  be  the 
true  quantities,  very  nearly  as  closely  as  the  formula  deduced  directly 
from  the  same  24  experiments.  This  result  was  not  to  be  expected,  as 
the  Fteley  and  Stearns  formula  is  deduced  from  experiments  in  which 
the  greatest  depth  on  the  weirs  is  less  than  the  smallest  depth  in  the 
experiments  to  which  the  formula  is  applied  in  Table  I. 

Table  II  is  a  similar  comparison  of  the  two  formulas  as  applied  to 
the  experiments  of  Fteley  and  Stearns,  given  in  Table  XXV  of  their 
paper.  As  might  be  expected,  their  formula,  with  its  variable  co-effi- 
cient C,  which  is  taken  from  their  table  XXVI,  for  each  experiment, 
agrees  closer  with  the  results  of  their  experiments  than  the  proposed 
formula  deduced  from  the  experiments  recorded  in  this  paj)er. 

Eecapitulation. 

In  the  formulas  given  above,  the  notation  for  the  depth  on  the  weirs 
and  for  the  height  of  the  backwater  above  the  crest  of  the   weirs,  con- 
forms to  the  notation  in  paper  No.  CCLXXXVIII  of  the  Transactions  of 
this  Society,  for  convenience  of  reference.    For  greater  simplicity  in  the 
formulas  finally  adopted  as  the  results  of  these  experiments,  I  call 
H=z  the  height  of  the  water  on  the  up-stream  side  of  the  weir  above  its 
crest,  taken  far  enough  from  the  weir  to  be  unaffected  by  the  cur- 
vature in  the  surface  caused  by  the  discharge. 
^=the  height  of  the  backwater,  or  the  height  of  the  water  on   the 
down-stream  side  of  the  weir  above  its  crest,  taken  at  a  sufficient 
distance  from  the  weir  to  be  unaffected  by  the  agitation  caused  by 
the  flow  over  the  weir. 
Retaining  the  same  notation  as  before  for  the  co-efficieuts  and  the 
other  quantities,  the  general  formula  for  the  discharge  over  a  weir  in 
which  there  is  no  contraction  at  the  ends,  is 

^  =  1 7w  v/2^  i  {H—  H')  2  -f  m'  LH'  ^  2g  [H—  H')  (1) 

As  deduced  from  these  experiments: 
?/i  =  0.6228, 
m'=  0.5734, 

2^  =  64.3236,  being  the  value  at  the  place  where  the  experiments  were 
made. 
Substituting  these  values  in  (1),  we  have 
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Q  =  3.3SL  [H—H')  2  4-4.5988  X£f'  ^  H—.H'  (2) 

wliicli,  for  convenience  of  computation,  may  be  reduced  to 


Q  =  d.d3L^  H—H'  {H-\- 0.381  H')  (3) 

Formulas  (1),  (2)  and  (3)  are  for  the  case  where  the  weir  is  of  the  same 
length  as  the  width  of  the  channel  leading  to  it;  that  is,  where  there  is 
no  contraction  at  the  ends ;  if  there  is  contraction  at  the  ends,  L  —  0.1  n  H, 
in  which  n  =  the  number  of  end  contractions,  must  be  substituted  for  L, 
and  formula  (3)  becomes 


§  =  3.33  [L—O.lnH]  s/  H—H'  {H+0.3S1H')  (4) 

In  the  application  of  these  formulas,  the  precautions  described  in 
article  164  of  Lowell  Hydraulic  Experiments  should  be  observed. 


:iGED  WEIR. 


11 


12 


13 


14 


Change  in 

the  depth 

on  the 

weirs 

caused  by 

the  height 

of  the  water 

on  the 

down- 

tream  side 

jf  theweira. 


Feet. 


Quantity  of 
water  dis- 
charged, by  the 
formula, 

Q=3.33  LH'i 


Cubic  feet  per 
second. 


-0  008 
-O.OOi 
0.020 
0  016 


(l.t'OO 
-0.001 

0.020 

0.045 
-0.096 
-0.212 

0  316 


—0.002 
—0.002 
—0.001 
+0.052 
+0.073 
+0.076 
+0.132 
+0.249 


94.88 
94.88 
95.00 
95.00 
95.00 
95.00 
95.00 
95.12 
95.12 
95.12 
95.12 
95 .  12 
95.12 
95  00 
95.00 
95.00 
95.12 
95.24 
V'5.12 
95.12 
95.12 
95.00 
94.88 
94 .  64 
94.16 
95.1-2 
95.12 
95.12 
95.12 
95.12 
95.12 

160.26 
160.26 
160.26 
160.11 
159.97 
159.97 
159.83 
159.83 
159.68 
159.68 
159.68 
159.25 
159.25 
158.97 
159.83 
159.25 
160.55 
160.55 
l(i0.40 
160.26 


Quantity  of  water  discharged, 

by  the  formula, 

Q  = 

3 

3.33  Z   fH-  —  H-y-{- 


4:. 5988  LH- 


H" 


Cubic  feet  per  second. 


.93.71 
93.69 


.94.57 
.95.25 
.96.42 
.92.58 
.93.77 


.159.24 
.159.28 
.158.58 
.157.09 
.160.03 
.159.91 
.156.60 
.162.93 


•'Remarks  relating  to  air  under  the 
sheet  of  water  passing  over  the  weirs. 
The  heights  are  the  heights  of  the  back- 
water above  or  below  the  crests  of  the 
weirs. 


+  O.Ol  ft.  air  began  to  disappear. 

-f-  0.09  ft.  air  had  all  disappeared. 
y     Between  these  heights  of  backwater, 
air  under  sheet  irregular;    flashing  in 
and  out  for  longer  or  shorter  distances. 


—  0.10  ft.  air  began  to  disappear. 
+  0  08  ft.  air  had  all  disappeared. 
Between  these  heights,  same  remarks 
as  above. 


iMl/^'ti.^.    t".-^    //'^* 


/o-^^  . 
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TAKLK     III. 

EXPERIMENTS   ON   THE   FLOW   OF   WATER   OVER  A   SUBMERGED  WEIR. 


S       Openine ' 

I      ol  the  i«g-  Date. 

Z        ul«ung  "•'=■ 


Beginniug  of 

the 
experiment. 


Oct.  31.  A.  H. 


Hour.     Min. 


Ending  of 

the 

experiment. 


Duration  of 

the 
experiment. 


Mean  elevation 

of  water  on 

down-stream 

side  of  the  weirs,  I 

with  reference  j 

to  the  crests  of 

the  weirs,  by     ] 

Backwater  Hooli 

Gauge. 


13.863 
13.876 
13.903 
13.906 
13.907 
13.905 
13.896 
13.913 
13.933 
13.9-iH 
13.9-21 
13.928 
13.929 
13.911 
13.901 
13.903 
13.938 
13.919 
13.945 
13.943 
13.930 
13.903 
13.860 
13.785 
13.663 
13.925 
13  918 
13.917 
13.919 
13.913 
13.920 

13.223 
13.225 
13.219 
13.195 
13.171 
13  160 
13.143 
13.136 
13.128 
13.133 
13.123 
13.063 
13.043 
13.016 
13.147 
13.060 
13  265 
13.258 
13.247 
13.223 


Mean  fall  at  wheel  and  corresponding  mean 
depth  on  weirs  when  the  water  on  the  down- 
stream side  of  the  weirs  is  at  a  height  which 
it  is  assumed  does  not  affect  the  flow  over  the 


—0.448 
—0.638 
—0.476 
—0.374 
—0.310 
—0.230 
—0.121 
—0.0-28 
-t-0.032 
-f0.134 
+0.249 
+0.-227 
—0.318 
—0.251 
—0.238 
—0.155 
—0.009 
—0.022 
+0.l!96 
+0.089 
+0.207 
+0.309 
+0.478 
+0.860 
+1.039 
—0.638 


—0.553 
—0.323 
—0.249 
—0.083 
+0.025 
+0.02-2 
+0.075 
-1-0.486 
+0.466 
+0.483 
+0.792 
+0.996 
-0.143 


Fall  at  wheel. 


Depth  on  weirs. 


Depth  on  wc'ir.s  on  the  as- 
I  sumption  that  the  flow  is  not 
I  affected  by  the  height  of  the 
I  water  on  the  down -stream 
j  side,  corrected  for  the  fall  at 
j  the  wheel  by  the  formula, 

I  H 


1.185 

1.675 
1.676 
1.676 
1.674 
1.674 
1.672 
1.672 
1.673 
1.671) 
1.670 
1.670 
1 .  720 
1 .  740 
1.743 
1.804 
1.917 
1.679 
1.675 
1.676 
1.675 


1.181 
1.181 
1.182 
1.182 
1.182 
1.182 
1.182 
1.183 
1.183 
1.183 
1.183 
1.183 
1.183 
1.182 
1.182 
1.182 
1  183 
1.184 
1.183 
1.183 
1.183 
1.182 
1.381 
1.179 
1.175 
1.183 
1.183 
1.183 
1.183 
1.183 
1.183 

1.675 
1.675 
1.675 
1.674 
1.073 
1.673 
1.672 
1.672 
1.671 
1.671 
1.671 
1.668 
1.668 
1.666 
1.672 
1.668 
1.677 
1.677 
1.676 
1.676 


Change  in 
the  depth 
on  the 
weirs 
caused  by 
the  height 
of  the  water 
on  the 
down- 
stream aide 
of  the  weirs. 


—0  008 
—0.004 
+0.020 

-;-o  016 


D.t'OO 
—0.001 
+0.020 
+0.045 
+0.096 
+0.212 
-|0,3l6 


—0.002 
—0.002 
—0.001 
+0.062 
+U.073 
+0.076 
+0.132 
-i-0.249 


Quantity  ol 
water  dis- 
charged, by  the 
formula, 
0=3.33  LH-i 


Quantity  of  water  discharged, 
by  the  formula, 

Q  = 

3.33  Z  (n-—H-y+ 
4.6988  iff  -  ■\/ H-—H" 


Cubic  feet  per  second. 


.94.67 
.95.25 
.96.42 
.92.58 
.93.77 


,169.-.i4 
.159.28 
.l.i8.58 
.157.09 
.160.03 
.159.91 
.156.61) 
.162.93 


'  Bemarks  relating  to  air  under  the 
sheet  of  water  passing  over  the  weir*. 
The  heights  are  the  heights  of  the  back- 
water above  or  below  the  crests  ol  tbe 
weirs. 


+  O.Ol  ft.  air  began  to  disappear. 

^  0,09  ft.  air  had  all  disappeared. 

Between  these  heights  of  backwater, 
air  under  sheet  irregular;  flashing  in 
and  out  for  longer  or  shorter  distances. 


—  0. 10  ft.  air  began  to  disappear. 
+  0  08  ft.  air  had  all  disappeared. 
►    Between  these  heights,  same  remarks 
as  above. 


CRGED  WEIR. 


11 


Change  in 
the  depth 
on  the 
weirs 
caused  by 
the  height 
of  the  water 
on  the 
down- 
stream side 
of  the  weirs. 


Feet. 


14 


Quantity  of 
water  dis- 
charged, by  the 
formula, 


0.000 
-fO.OOl 
+0.012 

+0.0  la 

+0.032 
+0.073 
+0.129 
+0.126 
+0.230 
+0.232 


+0.109 

+0.224 
+0.223 


+0.001 
+0.005 
+0.041 
+0.096 
+0.164 
+0.157 
+0.339 


13 


Cubic  feet  per 
second. 


203 
204 
•203 
203 
203 
203 
20.i 
203 
203 
203 
203 
203 
203 
203 
203 
203 
203 
203 
•203 
203 
202 
202 
203 
203 
203, 


,94 
.10 
,94 
,94 
,94 
,94 
,94 
,94 
,79 
,79 
,79 
79 
63 
63 
47 
47 
16 
01 
32 
47 
54 
54 
94 
79 
94 


Quantity  of  water  discharged, 
by  the  formula, 

3.33  L  (h-  —  ^"')% 
4.5988  L  H"  V H'—H" 


227.06 
226.90 
226.90 
225.29 
224.17 
224.17 
228.35 
228.19 

74.04 
74.04 
73.93 
73.93 
73.82 
73.70 
73.70 
73.70 
73.48 
73.37 
73.15 
73,04 
72.71 
73.37 
73.26 
73.26 
73,26 


Cubic  feet  per  second. 


203.48 
202.69 
202.21 
202.78 
204.49 
204.08 
203.86 
203.17 

224! 23 

222.81 
223.19 

.72.60 
.73.96 
.74.80 
.73.44 
73.67 
.70.92 


14: 


Remarks  relating  to  air  under  the 
sheet  of  water  passing  over  the  weirs. 
The  heights  are  the  heights  of  the  back- 
water above  or  below  the  crests  of  the 
weirs. 


—  0.14  ft.  air  began  to  disappear. 
+  0.17  ft.  air  bad  all  disappeared. 
Between  these  heights,  same  remarks 
as  above. 


—  0.30  ft.  air  began  to  disappear. 
+  0.10  ft.  air  had  all  disappeared. 
Between  these  heights,  same  remarks 
as  above. 


0.00  ft.  air  began  to  disappear. 
+  0.10  ft.  air  had  all  disappeared, 
j-     Between  these  heights,  same  remarks 
as  above. 


TAIJLIS      111      (Continued). 

EXPERIMENTS  ON  THE  FLOW  OF  WATER  OVER  A  BUBMERGED  WEIR. 


I       OprniDg 

-      of  the  res-  jj^, 


Beginning  of 

the 
experiment. 


Hour.     Miu. 


Not.  6,  A.  H. 


2.73      !  Hot.  6.P.'1[. 


Ending  of 


8 

12 

8 

8 

55 

8 

10 

25 

10 

10 

40 

10 

10 

ii 

10 

11 

■I 

11 

11 

10 

11 

2 

30 

2 

2 

35 

2 

2 

15 

2 

2 

58 

3 

3 

20 

3 

3 

30 

3 

3 

11 

3 

3 

16 

3 

3 

58 

8 

21 

26 

11 

69 

6 

1    6 

12 

5 

5 

17 

6 

Dnrotion  of 

the 
oxperimeut. 


12.625 
12.626 
12.6-^3 
12.62.1 
12.613 
12.616 
12.603 
12.607 
12.6117 
12.696 
12.591 
12.588 
12.. 570 
12.573 
12.558 
12.549 
12.523 
12.193 
12.537 
12.633 
12.450 
12.119 
12.618 
12.601 
12.609 

12.273 
12.260 
12.263 
12.086 
11.963 
11.955 
12.413 
12.401 


14.026 
14.006 
13.959 
13.966 
13.918 
13.921 
13.858 
13.800 
13.719 
13.706 
13.646 
13.796 
13.786 
13.767 
13.756 


Mean  olovation 

of  water  on 

dowu-8tream 

side  of  the  woira, 

with  reference 

to  the  crests  of 

the  weira,  by 

Backwater  Hook 

Gauge. 


—0.743 
—0.726 
—0.567 
—0.653 
—0.385 
— 0.3.">2 
-0.127 
-0.133 
—0.069 
—0.019 
+0.029 
+0.049 
+0.128 
+0.173 
+0.327 
+0.528 
+0.730 
+0.732 
+1.064 
+1.071 
—0.717 
—0.672 
—0.635 


+0.727 
+1.111 
4-1.102 
— 0.1S3 
—0.521 


-0.687 
—0.513 
—0.144 
—0.066 
+0.052 
+0.136 
+0.263 
+0.448 
+0.6.57 
+0.636 
+1.016 

'  -^!724' 
— 0.7:i9 
—0.715 


Mean  fall  at  wheel  and  oorrespondlng  mean 
depth  on  weirs  ^yhou  the  water  on  the  dovvn- 
Btronm  side  of  the  weirs  is  at  a  height  which 
it  is  assumed  dtuis  not  affect  the  flow  over  the 


Fall  at  wheel. 


Depth  on  weirs. 


a"!- 


1.966 
1.9B7 
1.966 
1.968 
1.968 
1.965 
1.968 
1.963 
1.062 
1.965 
1.006 
1.976 
1.976 
1.994 
2.0;t4 
2.092 
2.090. 
2.188 
2.190 
1.968 
1.968 
1.966 

2.114 
2.113 
2.113 
2.212 
2.319 
2.318 
2.119 
2.120 

1.002 
1.001 
1.001 
l.OUO 
1.000 
1.000 
0.999 
1.002 
1.0S7 
1.091 
1.156 
1.149 
1.328 
0.994 
0.994 
0.994 
0.993 


Depth  on  woirs  on  the  afe- 
aumptiou  tliat  the  flow  is  not 
affected  by  the  height  of  th». 
water  on  lUc  down-stream 
side,  corrected  for  the  fall  at 
the  wheel  by  the  formula. 


1.967 
1.967 
1.967 
1.967 
1.967 
1.967 
1.966 
1.966 


1.961 
1.963 
1.964 
1.958 


2.095 
2.095 
2.121 
2.120 

1.001 
1.001 
1.000 
1.000 
0.999 
0.998 
0.998 
0.998 
0.996 
0.995 
0.993 
0.992 
0.980 
0.996 
0.994 
0.994 
0.994 


Quantity  of 

water  dis- 

^liarged,  by  the 

formula, 
0=3.33Lh3 


Quantity  of  water  discharged. 

by  the  formula, 

«  = 

3.33  L  (n-  —  H-y+ 

4.5988  L  H-  V B"—  B- 


0.000 
+0.001 
+0.012 
+0.013 
+0.032 
+0.073 
+0.129 
+0.126 
+0.230 
+0.232 


+0.109 
+0.224 
+0.223 


+0.001 
+0.005 
+0.041 
+0.096 
+0.164 
+0.157 
+0.339 


203.94 

227.06 
226.90 
226.90 
225.29 
224.17 
224.17 
228.35 
228.19 

71.01 
74.04 
73.93 
73.93 
73.82 
73.70 
73.70 
73.70 
73.48 
73.37 
73.15 
73  04 
72.71 
73.37 
73.26 
73.26 
73.26 


Cubic  feet  per  second. 


.203.18 
.202.69 
.202.21 
.202.78 
.204.49 
.204.08 
.203.86 
.283.17 


.224.23 
.222.81 
.223.19 


.73.30 
.72.60 
.73.96 
.74.80 
.73.11 
73.67 
.70.92 


Bemarkfl  relating  to  air  unAet  tbm 
sheet  of  water  paiuing  over  tb«  weizm. 
The  heigbu  are  the  beigbu  of  the  back- 
water abOTe  or  below  the  eresta  of  th* 

weirs. 


—  0.14  ft.  air  began  to  disappear. 
L  -I-  0.17  ft.  air  had  aU  disappeared. 
I  Between  these  heights,  same 
as  above. 


_  0.30  ft.  air  began  to  disappear. 
+  0.10  ft.  air  had  aU  disappeared. 
Between  these  heights,  same  remaAa 
is  above. 


0.00  ft.  air  bsgan  to  disappear. 
+  0.10  ft.  air  had  all  disappeared. 
^    Between  these  heights,  same  lemaAs 
as  above. 
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THE  SOUTH  PASS  JETTIES.— TEN  YEARS'  PRAC- 
TICAL TEACHINGS  IN  RIVER  AND  HARBOR 
HYDRAULICS. 


By  E.  L.  CoRTHELii,  M.  Am.  Soc.  0 .  E. 
Read  at  the  Annual  Convention,  June  10th,  1884. 


Ten  years  ago,  at  this  very  time  of  the  year,  an  earnest  and  heated 
controversy  on  the  subject  of  improving  the  mouth  of  the  Mississippi 
River  was  at  its  climax  in  Congress  and  in  the  public  press.  Two  bills 
were  before  Congress — one  containing  the  proposition  of  Mr.  James  B. 
Eads,  M.  Am.  Soc.  C.  E.,  for  improving  the  mouth  of  the  river  by 
means  of  jetties;  the  other,  a  bill  presented  through  the  Army  Engi- 
neers for  the  construction  of  the  Fort  St.  Philip  Canal,  leading  from  the 
river  to  the  adjacent  bay,  about  40  miles  above  the  mouth  of  the  river. 
Hydraulic  principles  diametrically  opposed  to  each  other  were  pre- 
sented by  able  advocates,  and  urged  with  all  the  force  that  could  be 
brought  to  bear  from  facts,  experience,  prejudices  and  local  interests. 

The  result  was  the  appointment  of  a  commission  representing  the  U. 
S.  Army  Engineers,  Civil  Engineers,  and  the  U.  S.  Coast  Survey,  which 
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was  instructed  to  fully  examine  the  subject,  and  report  a  plan  at  the 
next  session  of  Congress.  The  civil  engineers  on  that  commission  were 
Messrs.  W.  Milnor  Koberts,  M.  Am.  Soc.  C.  E.,  T.  E.  Sickles,  M.  Am. 
Soc.  C.  E.,  and  H.  D.  Whitcomb,  M.  Am.  Soc.  C.  E.,  all  of  whom,  after 
careful  examination  of  jetties  in  Europe,  and  an  exhaustive  study  of  the 
subject,  favored  and  reported  for  an  adoption  of  the  jetty  plan. 

This  plan  was  approved  by  the  Government,  and  a  contract  entered 
into  by  it  with  Mr.  Eads,  the  basis  of  which  was  that  he  was  to  make  his 
own  plans,  was  to  be  entirely  untrammeled  in  their  execution,  and  was 
to  be  paid  only  after  securing  the  depths  and  widths  of  channel  specified 
in  the  contract. 

In  a  review  of  ten  years'  work,  it  is  not  possible  to  enter  much  into 
details,  but  to  present  salient  points  only;  the  object  being  particularly 
to  give  general  results  and  the  practical  lessons  taught  by  them. 

The  whole  detailed  and  documentary  history  of  the  inception,  con- 
struction and  the  results,  up  to  July,  1879,  are  given  in  the  history  of  the 
jetties  published  by  the  writer  in  1880,  to  which  reference  is  made  for  a 
more  particular  study  of  the  subject,  its  conditions,  the  developments  of 
the  channels,  and  other  results  incident  to  the  works. 

The  natural  divisions  of  the  subject  are:  The  Work,  The  Results,  The 
Lessons. 

First.  —  The  Work:  Natural  Conditions,  Commercial  Necessities,  Fun- 
damental Principles,  Descriptions. 

At  New  Orleans,  115  miles  from  the  Gulf  of  Mexico,  the  Mississippi 
Kiver  is  150  feet  deep  and  half  a  mile  wide  ;  at  the  head  of  the  Passes, 
about  12  miles  from  the  Gulf,  the  depths  are  over  30  feet  in  the  two 
larger  Passes,  and  15  feet  in  the  South  Pass . 

The  depths  in  the  Passes  themselves  were  greater:  45  feet  in  the  two 
larger  Passes,  and  30  feet  in  the  South  Pass;  the  latter  carrying  to  the 
sea  but  10  per  cent,  of  the  volume  of  the  river. 

The  depths  on  the  crest  of  the  bars  in  the  Gulf,  outside  of  the  land, 
were  13  feet  at  the  Southwest  Pass,  11  feet  at  Pass  a  Loutre,  and  8  feet  at 
the  South  Pass,  all  measured  at  mean  low  water. 

The  descent  into  the  deep  water  of  the  Gulf  off  South  Pass  bar  is 
very  rapid,  commencing  with  1  foot  in  60,  and  gradually  flattening  out 
so  that  9  miles  off  the  bar  the  depth  is  600  feet;  25  miles  off  3  000  feet, 
and  farther  out  depths  of  2^  miles  can  be  found. 

The  volume  of  the  river  at  the  maximum  flood  is  1  210  000  cubic  feet 
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per  second;  the  low  water  discharge  is  about  250  000  cubic  feet  per 
second. 

The  amount  of  sedimentary  matter  transported  in  suspension  each 
second  at  the  flood  stage  is  equal  to  2  000  cubic  feet  of  solid  earth. 

The  annual  extension  of  the  bars  into  the  Gulf  at  the  mouths  of  the 
Passes  before  the  construction  of  the  jetties  was  300  feet  at  Southwest 
Pass,  260  feet  at  Pass  a  Loutre,  and  111  feet  at  South  Pass. 

The  slopes  and  velocities  of  the  river  and  passes,  and  the  character  of 
the  bar  at  South  Pass,  on  which  the  jetties  are  built,  are  given  in  detail 
in  the  history  of  the  jetties.  It  is  necessary  to  say  here,  in  general,  that 
**whenthe  muddy  waters  leave  the  land's  end  at  the  mouth  of  the  Passes, 
and  begin  to  spread  out  over  the  submerged  banks  and  shoals  form- 
ing in  advance,  the  current,  which  has  all  through  the  Passes  flowed  at  a 
rapid  and  uniform  rate  in  a  deep  and  stable  channel,  gradually  loses  its 
velocity  and  drops  its  load  of  sediment.  As  the  flow  of  the  water  ex- 
pands more  and  more  to  the  right  and  left,  the  depths  in  the  channel 
going  seaward  continually  decrease  as  the  frictional  resistance  increases, 
until  the  crest  of  the  bar  is  reached  where  the  depth  is  the  least.  This 
upward  slope  going  seaward  at  the  South  Pass  was  at  the  rate  of  1  foot 
in  400. 

**  The  Gulf  into  which  the  river  pours  its  annual  floods  is  a  great  in- 
land sea  of  salt  water.  The  range  of  the  tides  is  very  small,  not  averag- 
ing over  14  inches,  and  along  the  face  of  the  delta  they  occur  but  once 
in  a  day.  At  flood  river  the  fresh  water  pushes  the  salt  water  out  of  all 
the  river  channels  and  Passes,  and  away  from  the  mouths  of  the  Passes, 
even  to  the  outermost  crest  of  the  bars,  and  then  flows  through  a  bed  of 
salt  water,  gradually  widening  until  it  becomes  a  thin,  light  brown  sheet, 
whose  line  of  demarkation  with  the  green  salt  water  is  clearly  defined, 
and  can  be  seen  many  miles  from  land.  The  river  thus  continually 
pushes  out  its  bars  into  this  almost  tideless  sea,  which  in  turn,  by  its 
waves,  tides  and  littoral  currents,  exerts  a  leveling  and  eroding  influence 
upon  them,  especially  in  low  water  season." 

One  of  the  most  important  forces,  afi'ecting  perhaps  as  much  as  any 
other  the  success  of  the  jetty  plan,  and  the  permanence  of  the  channel 
produced  by  the  works,  is  the  existence  of  the  littoral  or  shore  current 
at  the  mouth  of  the  South  Pass.  The  late  Mr.  G.  W.  E.  Bayley,  M. 
Am.  Soc.  0.  E.,  the  resident  engineer  of  the  jetties,  states:  **  Modern 
current  charts  correctly  represent  the  great  equatorial  current  as  sweep- 
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ing  in  its  resistless  course  around  the  Gulf  of  Mexico,  across  and  near 
the  mouth  of  the  Passes,  and  that  an  eddy  current  commences  there  and 
flows  westward  along  the  Louisiana  coast." 

At  the  head  of  the  South  Pass,  complications  existed  in  the  conditions, 
which  made  it  necessary  to  study  the  subject  very  carefully  before  com- 
mencing the  works.  The  problem  of  how  to  deepen  the  inlet  channel 
was  far  more  difficult  than  any  presented  at  the  mouth  of  the  Pass. 
When  the  natural  conditions  there  existing  are  fully  understood,  it  will 
appear  that  the  artificial  change  in  any  of  them  must  necessarily  affect 
all  the  others.  No  problem  had  ever  before  been  solved  in  river  hydrau- 
lics in  which  there  were  such  tremendous  forces  and  so  many  variable 
elements. 

To  comprehend  the  necessity,  commercially,  for  the  work,  the  eye 
must  sweep  over  the  map  of  tbis  country,  and  trace  the  one  hundred 
thousand  miles  in  the  intricate  network  of  this  magnificent  river  and  its 
tributaries,  coursing  their  way  to  the  Gulf  through  lands  the  most 
naturally  fertile  of  any  in  the  world.  The  territory  enriched  by  it 
contains  768  000  000  acres  of  land  ;  it  would  hold  one  hundred  and 
fifty  states  as  large  as  Massachusetts,  and  duplicate  England  twenty- 
four  times  over.  It  is  the  great  arterial  system  of  the  Republic,  and 
the  mouth  of  the  river  is  the  natural  gate-way  to  the  world  for  its  im- 
mense and  varied  productions.  But  all  this  inland  wealth  of  agriculture 
and  minerals  was  virtually  land-locked  by  an  obstruction  at  the  mouth  of 
the  river,  which,  in  these  days  of  deep  draught  vessels  of  great  tonnage, 
was  turning  rapidly  to  other  ports  and  to  other  countries  the  commerce 
of  the  world,  forcing  also  the  construction  of  expensive  and  artificial 
lines  of  transportation  over  the  mountains  eastward.  The  special  reasons 
for  improving  the  mouth  of  the  Mississippi  were:  First,  the  rapid  de- 
velopment of  the  valley,  and  the  impossibility  of  carrying  its  products 
by  artificial  lines  of  transportation.  Second,  the  improvements  that  had 
been  made  in  the  inland  navigation  of  the  river  and  its  tributaries,  on 
which,  for  many  years,  large  sums  of  money  had  been  expended  by  the 
Government. 

The  following  facts  are  given  simply  as  illustrations  of  the  neces- 
sity for  improving  the  outlet  of  the  river  : 

In  February,  1859,  a  committee  from  the  New  Orleans  Chamber  of 
Commerce  visited  the  mouth  of  the  river,  and  reported  that  the  value 
of  merchandise  delayed  at   the  bar  was — for   exportation,  $5  367  339  ; 


CORTHELL   ON"   SOUTH   PASS   JETTIES.  SI? 

and  for  importation,  $2  000  000.  In  this  estimate  no  account  was 
taken  of  the  value  of  the  vessels,  nor  of  any  but  the  leading  articles  of 
produce,  nor  of  the  cargoes  of  ships  which  had  cleared  and  were  ready 
for  sea,  but  whose  commanders  deemed  it  prudent  to  remain  at  the 
wharves  at  New  Orleans  until  there  was  a  prospect  of  getting  over  the 
bar  without  detention.  One  item  of  merchandise  delayed  at  the  bar 
was  nearly  72  000  bales  of  cotton .  Many  of  the  vessels  bad  been  de- 
tained for  weeks.  A  month  later,  there  were  thirty-five  vessels  inside 
the  bar  waiting  to  go  out,  three  on  the  bars,  and  seventeen  outside  at 
anchor  waiting  to  be  towed  in.  From  1872  to  1877  inclusive,  417 
vessels  grounded  and  were  detained  at  the  mouth  of  the  river,  with  a 
total  detention  of  12  467  hours.  It  was  during  this  period  that  the 
Government  made  its  most  strenuous  exertions  to  open  a  channel 
through  the  bars  by  means  of  dredge  boats. 

A  narrow  ditch  not  over  50  or  75  feet  wide  at  the  bottom,  18  feet 
deep,  5  miles  long,  was  the  only  means  by  which  the  commerce  of  the 
Mississippi  Valley  could  go  out  to  the  world.  This  channel,  opened  by 
artificial  means,  was  filled  up  by  sediment  during  the  flood  season  of 
the  year,  or  completely  obliterated  at  times  by  a  storm  which  would 
wash  the  sand  into  the  channel  and  fill  it  up . 

The  underlying  principles  of  the  improvement,  fully  enunciated  by 
Mr.  Eads  at  the  time,  in  Congressional  documents,  were  substantially  as 
follows  : 

The  improvement  of  the  mouth  of  the  Mississippi  by  jetties  consists 
in  an  artificial  extension  of  the  natural  banks  of  the  Pass,  from  the 
point  where  it  commences  to  widen  and  disappear  in  the  Gulf, 
to  the  crest  of  the  bar,  about  2^  miles  distant.  The  Mississippi 
is  simply  a  transporter  of  solid  matter  to  the  sea.  This  consists 
chiefly  of  sand  and  alluvion  which  is  held  in  suspension  by  the  mechan- 
ical effect  of  the  current.  At  the  Passes,  after  flowing  for  several  miles 
through  a  deep  channel,  bearing  onward  without  obstruction  in  its 
strong  current,  this  sedimentary  matter  between  narrow  and  parallel 
banks,  the  river  widens  out  at  the  South  Pass  from  about  700 
feet  to  about  2  miles.  Here,  the  shore  currents  are  continually 
dropping  the  surplus  load  which  their  diminished  velocity  is  unable  to 
hold  up,  and  thus  the  shores  of  the  Pass  are  ,being  constantly  built  up 
and  narrowed  in,  and  brought  to  the  surface  of  the  water,  where,  with 
reed  grass,    marine  plants,  etc.,  they  are   gradually  converted  into  dry 
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land.  The  strong  central  current,  however,  is  maintained  intact  by  the 
reduced  depth  over  which  the  stream  passes,  as  it  expands  like  a  fish's 
tail  out  to  the  bar.  The  velccity  of  the  stream  being  maintained  by 
shoaling  in  depth  as  it  expands  in  width,  it  is  able  to  transport  its  en- 
tire load  out  beyond  the  bar,  excepting  only  that  which  it  has  dropped 
on  the  submerged  and  incipient  shores  of  the  Pass.  Although  the  cur- 
rent is  strong  out  across  the  tar,  it  is  soon  checked  because  of  its  im- 
mense width  and  shallow  depth,  by  which  great  friction  in  proportion 
to  volume  is  produced.  Hence,  the  load  is  deposited  just  outside  the 
bar,  and  its  constant  outward  growth  is  thus  assured,  while  the  growth 
of  the  shores  of  the  Pass  follows  in  due  order.  It  is  a  mistake  to  sup- 
pose that  the  Gulf  presents  a  barrier  to  the  onward  flow  of  the  stream 
at  the  mouth  of  the  Pass.  On  reflection,  it  must  seem  reasonable  that 
a  river  should  flow  with  less  friction  between  walls  of  water  than  be- 
tween walls  of  earth.  It  has,  however,  no  longer  a  descent  of  a  few 
inches  to  the  mile,  and  hence  must  maintain  its  current  in  the  Gulf 
simply  by  its  momentum .  Friction  on  its  sides  and  bottom  is  the  agent 
which  finally  brings  it  to  rest  ;  but,  while  its  momentum  lasts,  the 
widening  out  into  the  sea,  and  the  final  obliteration  of  the  river,  will 
proceed  very  gradually. 

If,  from  a  point  where  the  banks  of  the  Pass  are  700  feet 
asunder,  and  its  depth  30  feet,  we  should  artificially  prolong  them 
to  the  crest  of  the  bar,  still  keeping  them  but  700  feet 
asunder,  we  should  inevitably  have  30  feet  depth  at  the  mouth  of 
these  jetties,  and  the  great  reduction  of  friction  accomplished  by  nar- 
rowing the  channel  to  700  feet  will  enable  the  momentum  of  the 
stream  to  be  kept  up  to  a  greatly  increased  distance  beyond  the 
bar,  and  hence  the  river  will  be  able  to  carry  to  greater  depths  and 
into  stronger  Gulf  currents  that  load  which  it  is  now  only  able  to  de- 
posit just  outside  the  bar. 

The  principles  here  enunciated,  and  others  of  perhaps  equal  import- 
ance which  might  be  mentioned,  but  which  there  is  no  time  here  to 
dwell  upon,  already  had  been  proven  to  be  sound  in  a  work  constructed 
under  almost  similar  conditions  at  the  Sulina  mouth  of  the  Danube.  It 
was  a  knowledge  of  this  work,  and  of  other  important  improvements  by 
jetties  in  Europe,  that  made  Gen.  J.  G.  Barnard,  M.  Am.  Soc.  C.  E., 
in  distinction  from  the  other  United  States  Army  Engineers,  such  an  ear- 
nest advocate  for  their  application  at  the  mouth  of  the  Mississippi.    In  his 
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minority  report  of  the  Board  of  Army  Engineers,  in  1874:  (which  Board 
decided  in  favor  of  the  Fort  St.  Philip  Canal,  and  against  the  jetties), 
he  made  a  forcible  and  eloquent  plea  for  the  jetty  system  as  against  the 
Fort  St.  Philip  Canal,  closing  with  these  memorable  words  : 

"  The  advantages  of  an  open  river  mouth  are  inestimable.  The 
needs  of  a  navigation  so  great  as  that  which  now  exists,  and  which  in 
the  future  of  the  great  Mississippi  Valley  must  be  fifty-fold  increased, 
demand  it.  It  is  said  that  '  the  time  has  come '  when  the  needs  of  com- 
merce demand  the  canal;  but  I  answer  that  the  time  will  come  when 
there  will  be  the  same  cry  for  a  navigation  unimpeded  by  locks — an 
open  river  mouth — which  we  now  hear  for  a  canal." 

The  distinguished  civil  engineer,  Sir  Chas.  A.  Hartley,  Chief  En- 
gineer of  the  European  Commission  of  the  Danube,  ably  advocated  the 
jetty  system  at  the  mouth  of  the  Mississippi,  as  being  a  much  more 
favorable  location  than  that  at  the  Danube,  where  the  depth  was  in- 
creased from  9  to  21^  feet.  In  his  argument  he  states  facts  about  the 
retardation  of  the  bar  advance  at  the  Danube,  caused  by  the  con- 
struction of  the  jetties,  in  which  there  had  been  an  experience  of  ten 
years  after  the  completion  of  the  jetties;  he  says  : 

*'  My  conviction  is  that,  by  increasing  the  erosive  powers  of  the  cur- 
rent, relatively  to  the  depositing  action,  the  piers  will  have  the  effect, 
not  of  accelerating  the  growth  of  the  accretions  of  the  sea  bottom,  but 
of  greatly  retarding  it.  Practically,  therefore,  I  consider  that  the 
element  of  bar  advance  may  be  discarded  from  the  minds  of  the  present 
generation." 

The  propositions  enunciated  by  the  Board  of  Army  Engineers,  and 
by  the  Chief  of  Engineers,  on  which  they  based  their  published 
prophecies  of  failure,  were  : 

First. — That  the  jetties  would  be  undermined  at  the  sea  ends  ; 

Second. — That  the  foundation  on  which  they  would  rest  was  unstable; 
and 

Third. — That  there  would  be  a  greatly  accelerated  advance  of  the 
bar  after  the  jetties  were  constructed. 

Three  positive  opinions  were  given  in  official  reports  by  three  prom- 
inent United  States  Engineers — one  the  then  Chief  of  Engineers, 
another  the  present  Chief  of  Engineers,  and  the  third  the  officer  in 
charge  of  the  improvement  of  the  Gulf  ports — in  reference  to  the  rapid 
and  accelerated  growth  seaward  of  the  bar  in  consequence  of  jetties, 
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which  wo  aid  produce  a  depth  of  from  25  to  27  feet,  if  such  could  be 
constructed.  These  gentlemen  respectively  gave  as  the  annual  rate  of 
advance,  after  the  construction  of  jetties  at  the  mouth  of  the  South 
Pass,  670  feet,  2  240  feet,  and  (in  the  language  of  the  third)  * '  Jetties 
will  have  to  be  built  further  and  further  out,  not  annually,  but  steadily 
every  day  of  each  year,  to  keep  pace  with  the  advance  of  the  river  de- 
posit into  the  Gulf,  provided  they  are  attempted. " 

The  necessary  extension  of  the  jetties  into  the  Gulf  with  these  rates 
of  bar  advance  would  have  been  up  to  this  date  respectively  three- 
quarters  of  a  mile  (to  where  there  is  now  actually  160  feet  depth  of 
water),  two  and  one-half  miles,  and  well  out  towards  Cuba. 

Descriptions  of  the  works  have  often  been  given,  not  only  in  the 
papers  read  before  this  Society,  but  in  the  current  periodicals,  and 
in  the  "  History  of  the  Jetties,"  the  latter  with  full  illustrations.  It 
will  be  sufficient  to  state  that  the  channel  width,  as  it  now  exists  be- 
tween the  works,  at  the  mouth  of  the  Pass,  is  about  700  feet.  The 
length  of  the  East  Jetty  is  about  2 J  miles,  and  the  West  Jetty  4  000 
feet  less,  the  sea  ends  being  about  opposite  each  other.  The  jetties  are 
built  of  willow  mattresses,  whose  dimensions  were  usually  2  feet  thick, 
100  feet  long,  and  from  20  to  50  feet  wide,  sunk  with  rip-rap,  and  cap- 
ped at  the  outer  ends  by  concrete  blocks.  The  jetties  extend  into  30 
feet  of  water  on  the  seaward  slope  of  the  bar. 

At  the  heads  of  the  Passes  a  variety  of  methods  were  employed,  most 
of  the  dykes,  however,  being  built  of  mattresses  set  on  edge,  with  the 
object  of  checking  only  the  flow  of  the  current  and  inducing  deposit. 
Concentration  of  the  inflowing  volume  in  its  passage  over  the  shoal 
was  the  great  object  in  view,  and  the  inlet  channel  was  narrowed  by  the 
dykes  to  800  feet.  During  the  progress  of  the  work  here  it  became 
very  evident  that  it  would  be  necessary  to  bridle,  guide  and  control  the 
whole  mighty  torrent  of  the  river,  8  000  feet  wide,  30  feet  deep,  and 
with  a  velocity  of  5  feet  per  second;  for  the  contracting  dams  and 
dykes  at  the  head  of  South  Pass,  while  they  deepened  the  channel  into 
that  pass,  also  tended  to  deepen  the  channel  through  the  two  larger 
passes,  increasing  their  volume  and  depleting  that  of  the  South  Pass. 
To  hold  the  Passes  at  their  normal  size,  sills  or  submerged  dams  were 
laid  entirely  across  on  the  beds  of  the  Southwest  Pass  and  Pass  ^ 
Loutre.  The  mattresses  in  these  sills  were  generally  30  to  40  feet 
wide,  60  to  70  feet  long,  and  2  feet  thick,  so  laid  as  to  leave  no  opening 
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between  them,  but  to  make  a  continuous  construction  from  the  main 
banks  of  the  river  to  the  works  at  the  head  of  the  South  Pass.  The 
works  of  minor  importance,  such  as  closing  bayous  and  similar  work, 
need  not  be  described  here.  A  general  plan  was  followed  throughout, 
founded  on  the  principle  of  concentration  and  utilization  of  t}ie  maxi- 
mum normal  volume  of  the  Pass.  The  channel  required  at  the  jetties 
by  the  contract  with  the  Government  was  26  feet  depth,  200  feet  width, 
with  a  central  depth  of  30  feet. 

Second.  — Res  ults. 

From  the  moment  of  laying  the  first  mattress  at  land's  end  to  the 
present  moment,  there  has  been  a  constant  development  of  the  channel. 
At  the  end  of  the  first  year's  work,  although  the  jetties  were  simply 
walls  of  uncompressed  willows,  holding  within  the  new  channel  only  a 
portion  of  the  volume  of  the  Pass,  yet  important  results  were  accom- 
plished. Everywhere  the  principle  was  illustrated  that  with  a  bed  com- 
posed of  a  yielding  material,  any  obstruction,  however  small,  will  cause 
a  deepening  somewhere  in  its  vicinity.  Especially  marked  was  the 
result  of  the  works  built  in  the  fall  and  winter  of  1875.  The  river  rose 
in  January,  1876,  and  the  floods  that  had  hitherto  found  a  wide  mouth 
through  which  to  discharge  their  waters  now  struggled  to  reach  the  sea 
through  a  contracted  outlet.  Finding  the  bar  like  a  dam  in  the  channel, 
they  attacked  it  with  great  force,  the  first  result  of  which  was,  that 
wherever  there  were  deposits  of  sand  a  rapid  and  decided  deepening 
occarred.  Over  the  whole  two  and  one-third  miles  from  the  land's  end 
to  the  Gulf  a  most  irregular  channel  appeared,  full  of  ridges,  mounds, 
deep  excavations,  and  suddenly  appearing  and  disappearing  shoals  and 
channels  ;  but  after  a  time  comparative  uniformity  in  section  and  regu- 
larity in  the  course  of  the  channel  took  the  place  of  these  variable 
conditions. 

During  the  succeeding  three  years  similar  developments  were  traced. 
The  pronounced  irregularities  in  depths  and  alignment,  due  to  the  first 
strong  efforts  of  the  river  to  make  an  adequate  channel  to  the  sea, 
gradually  disappeared  ;  the  channel  became  more  navigable,  the  currents 
parallel  with  the  jetties,  and  the  steady,  deep,  quiet  flow  of  the  Pass 
above  the  jetties  was  more  and  more  noticeable.  During  these  four  years 
of  developing  channel  there  were  excavated  by  the  accelerated  current 
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7  607  151  cubic  yards  of  materia)  from  the  bottom  and  carried  seaward. 
Since  July,  1879,  when  the  works  were  completed,  the  development  has 
continued. 

From  Mr.  C.  Donovan,  United  States  Assistant  Civil  Engineer,  who 
has  had  charge  of  all  surveys  for  the  Government  since  1876,  the  follow- 
ing facts  have  been  obtained,  taken  from  his  charts  of  surveys  of  May 
26th,  1884:  The  length  of  the  4:5-foot  channel  from  East  Point  to  the  end 
of  the  jetties  is  3  900  feet.  The  length  of  the  38-foot  channel  from  East 
Point  to  the  end  of  the  jetties  is  10  350  feet,  or  over  2  miles.  The  least 
depth  through  the  jetties  is  33  feet.  The  width  of  the  26-foot  channel  is 
290  feet.  Beyond  the  end  of  the  jetties,  between  two  old  mud  lumps,  the 
least  depth  is  31.8  feet,  and  the  least  width  of  the  30 -foot  channel  70 
feet.  Compared  with  the  survey  of  May  22d  of  last  year,  the  40  feet 
depth  then  existing  through  the  jetties  is  found  to  have  extended  during 
the  year  2  400  feet. 

As  to  the  permanence  of  the  works,  the  test  of  nine  years,  during  at 
least  three  of  which  the  works  were  in  an  incomplete  condition,  attests 
the  ability  of  dykes  built  of  willow  and  brush  mattresses  to  stand  intact 
in  a  sea-way,  and  where  capped  and  compressed  by  concrete  blocks  to 
be  undisturbed  by  almost  any  wave  force.  They  have  withstood  also 
the  ravages  of  the  teredo,  the  silt  packed  solidly  among  the  willows 
preventing  their  inroads  to  any  great  extent.  There  has  been  no 
tendency  to  undermining  at  the  sea  ends  of  the  jetties,  though  this  was 
one  of  the  prophesied  results.  The  reason  for  this  is,  no  doubt,  that 
the  frictional  resistance  of  the  jetties  has  slowed  the  currents  near 
them,  and  thrown  the  deep  channel  and  strong  current  near  the  centre. 
During  the  first  two  years  after  completion  the  more  violent  storms 
washed  the  sands  over  the  jetties  into  the  channel  at  times,  causing  a 
temporary  shoaling,  but  since  then  lines  of  interior  and  inexpensively 
built  jetties  have  prevented  this  action  of  the  waves,  the  space  between 
the  main  jetties  and  the  interior  jetties  being  quickly  filled  up  by  the 
deposits  from  river  sediment  and  wave  action. 

The  simple  facts,  that  a  deep  channel  exists  at  the  mouth  of  the 
jetties  ;  that  in  the  track  of  the  fluvial  discharge,  over  a  path  at 
least  1  000  feet  in  width,  the  latest  surveys  show  but  slight  shoaling ; 
that  the  jetties  since  their  completion  in  1879  have  not  been  advanced 
seaward  one  foot ;  that  before  they  could  be  completed  the  acceler- 
ated shore  current  across  the  face  of  the  bar  increased  the  depths  so 
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that  the  foundations,  as  planned  and  actually  laid,  are  now  from  150 
to  300  feet  beyond  the  present  and  completed  jetty  end, — these  are 
most  substantial  and  convincing  proofs  of  the  opinions  advanced  so 
earnestly  ten  years  ago  that  the  jetties  would  retard  instead  of  acceler- 
ate the  seaward  growth  of  the  bar.  That  in  the  course  of  many  years 
there  may  be  a  necessity  for  an  extension  of  the  jetties  it  would  be 
foolhardy  to  deny,  for  even  under  the  improved  conditions  produced 
by  the  jetties,  the  277  000  000  cubic  yards  of  solid  matter  discharged 
from  the  mouths  of  the  river  will  at  last  show  a  general  advance  along 
the  whole  line  of  the  delta.  The  deposition  of  sediment  now  taking 
place  on  the  wings  of  the  jetties  beyond  the  sea  ends  will  be,  however, 
if  anything,  an  advantage  in  any  future  extensions,  for  it  is  slowly 
building  up  foundations  for  the  work  that  it  may  then  be  necessary  to 
build  upon  them.  But  for  us  and  our  posterity,  it  will  only  serve  to 
perpetuate  in  the  line  of  the  river's  discharge  the  deep  channel  it  has 
maintained  during  the  last  six  years.  This  result  is  partly  due  to  the 
existence  of  a  littoral  current,  the  proofs  of  which,  often  alluded  to, 
are  abundant.  The  writer's  own  observation  and  experience  convince 
him  beyond  any  possibility  of  contradiction  that  there  is  a  suflS-cient  cur- 
rent across  the  face  of  the  South  Pass  bar  to  account  for  many  favor- 
able results  that  may  seem  to  some  simply  phenomena. 

At  the  head  of  the  Pass  the  dykes  and  dams  have  simply  assisted 
Nature  in  her  eternal  river  work  of  opening  channels  and  building 
banks.  Some  of  the  works  and  all  the  outlying  intermediate  spaces, 
where  formerly  the  waters  flowed  many  feet  in  depth,  are  now  covered 
with  reeds  and  grasses  well  rooted  in  the  firm  ground.  Through  the 
channel  between  the  river  and  the  South  Pass  there  now  exists  a 
wide,  straight  channel,  the  least  depth  being  35  feet,  and  the  30-foot 
channel  275  feet  wide  at  its  narrowest  point,  and  it  may  be  stated 
here  that  the  least  depth  through  the  South  Pass  itself  is  now 
30  feet.  This  branch  of  the  subject  would  be  unfairly  dismissed 
without  reference  to  the  delicate  and  difficult  engineering  prob- 
lem at  the  head  of  the  Pass,  so  successfully  solved.  In  this 
connection  there  may  well  be  recalled  the  remark  of  that  honored 
member  of  our  Society,  Col.  W.  Milnor  Eoberts,  that  the  problem  to  be 
solved  at  the  head  of  the  Passes  was  the  most  difficult  of  any  ever 
brought  under  his  notice,  with  such  mighty  forces,  yet  so  delicately 
adjusted,  and  in  such  perfect  and  sensitive  equilibrium  ;  "Still  further, 
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when  we  contemplate  the  fact  that  these  works  are  composed  almost 
wholly  of  light  willows,  with  a  large  portion  of  the  mattresses  standing 
on  edge,  simply  as  screens  to  check  the  current  and  cause  deposit, 
they  constitute  a  remarkable  illustration  of  how  completely  the  immense 
forces  of  Nature  may  sometimes  be  controlled  by  a  wise  use  of  the  most 
inexpensive  and  unsubstantial  materials,  which  Nature  seemingly  places 
within  the  reach  of  man  for  the  very  purpose.  Here,  by  the  gentlest 
influences,  the  mighty  current  is  swayed  and  directed,  completely 
obedient  to  his  will.  There  is  no  instance,  indeed,  in  the  world,  where 
such  a  vast  volume  of  water  is  placed  under  such  absolute  and  perma- 
nent control  by  the  engineer,  through  methods  so  economic  and  simple, 
as  those  adopted  at  the  head  of  the  Passes  of  the  Mississippi  River." 

The  great  and  sole  object  of  all  these  works,  and  those  at  the  mouth 
of  the  Pass,  was  the  benefit  of  commerce.  What  has  been  done  ?  To 
say  that  vessels  drawing  from  25  to  26  feet  of  water  pass  out  with- 
out delay  is  not  enough.  To  say  that  even  deeper  draught  vessels 
can  do  this  is  not  enough,  and  it  is  not  too  much  to  say  that  the 
entrance  to  New  Orleans  from  the  sea  is  equal  to  that  of  any  large  port 
in  the  United  States.  The  effect  on  the  business  of  this  city  can  best  be 
briefly  told  by  the  former  President  of  the  Cotton  Exchange,  Gen. 
Cyrus  W.  Bussey,  who  stated  in  a  letter  written  June  10th,  1884  :  "I  am 
able  to  report  that  all  that  was  predicted  for  the  jetties  has  been  realized, 
and  more.  Ever  since  their  acceptance  by  the  United  States  Govern- 
ment in  1879,  there  has  been  no  complaint  of  delay  at  the  mouth  of 
the  river,  except  in  very  rare  cases,  when  vessels  have  been  run  out  of 
the  channel.  At  all  times  there  has  been  a  good,  safe,  practical  channel 
for  the  largest  vessels  coming  to  any  of  the  ports  of  the  country.  The 
influences  of  the  jetties  on  the  transportation  routes  of  the  country  have 
been  to  cheapen  rates  to  such  an  extent  as  to  save  to  the  producers  a  sum 
difficult  to  estimate.  I  am  sure  it  would  amount  to  ten  millions  each  year 
on  the  cotton  and  grain  transported,  besides  a  large  saving  on  the  im- 
mense imports  from  foreign  countries.  New  Orleans  is  exporting  a 
larger  proportion  of  the  crop,  and  at  much  lower  rates  for  freight,  than 
ever  before.  This  is  in  consequence  of  the  constant  presence  in  the 
harbor  of  New  Orleans  of  the  largest  class  of  freight  steamers  seeking 
cargo.  Ten  thousand  bales  of  cotton  have  gone  out  through  the  mouth 
of  the  river  on  a  single  ship.  Before  the  jetties  were  constructed,  the 
delays  on   the  bar  at  Southwest  Pass   were  so  frequent  that  it  was 
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extremely  difficult  to  get  a  vessel  to  take  more  than  20  000  bushels  of 
<jorn  or  wheat ;  but  now,  as  you  will  see  by  the  report  of  the  grain 
inspector  of  New  Orleans,  which  I  inclose,  95  000  bushels  is  an  ordi- 
nary cargo,  in  addition  to  which  the  vessel  carries  several  thousand 
bales  of  cotton.  A  cargo  of  144  000  bushels  of  grain  has  gone  to  sea 
on  a  single  vessel.  The  wisdom  of  the  construction  of  the  jetties  has 
been  overwhelmingly  demonstrated,  and  all  that  was  predicated  for 
them  has  been  realized." 

New  Orleans,  under  the  impetus  of  a  new  life,  is  taking  rank  among 
our  most  important  ports  and  enterprising  cities.  The  present  project 
of  a  World's  Fair  never  would  have  been  undertaken  had  not  the  mon- 
sters of  the  world's  marine  been  admitted  through  the  now  widely  open 
gateway  of  commerce. 

Third.  — Lessons. 

The  principles  of  river  hydraulics  proven  to  be  correct  in  the  results 
thus  briefly  described,  and  the  lessons  taught  by  these  ten  years  of  har- 
bor and  river  work,  are  not  alone  applicable  to  jetties  at  the  mouth  of 
the  Mississippi  River.  They  have  an  important  bearing  upon  all  harbor 
and  river  improvements  along  our  own  coasts  and  rivers  and  throughout 
the  world.  They  disclose  most  certainly  the  erroneous  views  that  have 
been  held  and  defective  plans  that  have  been  pursued,  and  it  is  the  special 
useful  object  of  this  resume  to  apply  the  lessons  to  all  improvements 
that  are  in  their  conditions  and  objects  in  any  way  similar  to  those  at 
the  mouth  of  the  Mississippi  River. 

First. — Dispersion    shoals — concentration  deepens.      The   "outlet" 
theory  is  disproved.     It  has  been  condemned  by  the  highest  authority — 
by  the   Mississippi  River  Commission,  who   have  surveyed,  examined, 
experimented  upon  and  studied  the  subject  during  the  last  four  years. 
Several  Congressional  delegations,  prejudiced  at  first  in  favor  of  it,  after 
a  patient  examination,  reported  in  favor  of  the  concentration,  or  rather 
conservation  plan  ;  but  no  facts  from  actual  results  of  works  constructed 
more  clearly  prove  than  those  we  have  given,  or  could  .give,  that  to 
carry  the  floods  safely  to  the  Gulf,  and  to  utilize  them  to  deepen  chan- 
nels for  our  inland  commerce,  we  must  hold  them   within  bounds  by 
adequate  and  properly  constructed   dykes,  jetties   or  levees,  and  thus 
lead  this  mighty  force  placed  at  our  disposal  to  excavate  for  us,  down 
into  the  bed  of  its  own  making,  deep  channels  for  our  vessels  and  steam- 
boats, constantly  increasing  in  size  and  draught,  to  carry  the  accumu- 
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lating  products  of  the  rapidly  developing  valleys.     This  lesson  is  one  of 
paramount  importance  in  river  and  harbor  improvements. 

Second.— The  flood  volume  of  the  river,  and  the  full  volume  of  the 
tides,  are  the  powers  which  the  engineer  should  call  to  his  aid.  There- 
fore, jetties,  to  be  of  the  greatest  effect,  should  be  brought  above  the  sur- 
face of  the  water  at  flood  tide,  outlets  should  not  be  left  through  them, 
and  the  jetties  should  be  placed  as  near  each  other  as  the  volume  and 
current  passing  in  and  out  show  to  he  necessary  for  making  a  channel 
of  adequate  depth  and  width  in  the  shortest  possible  time.  The  neglect 
of  these  lessons,  or  rather  the  plans  and  constructions  carried  forward 
on  opposite  principles,  have  at  Galveston,  Texas,  and  Charleston,  S.  C,  re- 
sulted in  complete  failure.  At  the  former  bar,  the  groundless  fear  of  a 
bar  advance  compelled  the  location  of  jetties  2|r  miles  apart,  where,  too, 
the  tides  are  not  over  14  inches,  and  are  the  only  force  that  can  be 
brought  to  bear  upon  the  bar.  Neglecting  another  lesson,  the  jetties 
were  submerged,  or  drowned,  so  that  the  strongest  force  was  dissipated 
by  diffusion  and  the  excavating  force  of  the  currents  lost  by  lateral  waste; 
but,  further,  to  effectually  destroy  the  scouring  force  of  the  current, 
lateral  outlets  were  left  near  the  land,  ostensibly  to  let  the  tides  into  the 
bay,  but  through  which  at  ebb  tide  they  sought  to  find  the  lower  level  of 
the  Gulf,  instead  of  taking  the  five-mile  course  through  the  laid-out 
jetty  channel  over  the  frictional  sands  of  the  bar.  Under  these  mistaken 
views  and  plans,  the  results  have  been  as  follows  : 

In  1874  (the  same  year  in  which  this  record  of  the  Mississippi  River 
jetty  work  commences),  the  depth  across  the  Galveston  bar  was  12 
feet.  That  winter  a  violent  storm  increased  the  depth  nine-tenths  of  a 
foot.  The  works  were  commenced  that  same  year,  and  continued  under 
Government  appropriations,  and  by  Government  engineers,  to  the  pres- 
ent time — ten  years  of  work  and  results.  In  1880  the  Army  Engineer  in 
charge  reported  a  depth  of  12f  feet.  In  1884  the  depth  reported  was  13 
feet.  One  and  a  half  million  dollars  have  been  expended  upon  this 
work.  It  is  safe  to  say  that  had  the  correct  principles  been  applied 
ten  years  ago  at  Galveston  harbor,  as  at  the  mouth  of  the  Mississippi, 
that  important  port  would  long  ere  this  have  been  happy  in  a  channel  30 
feet  deep.  At  Charleston,  similar  plans,  prosecuted  through  nearly 
the  same  length  of  time,  produced  the  same,  or  even  less  results  ;  the 
chart  showing  the  depth  over  the  bar  to  be  2  feet  less  now  than  when 
the  works  were  commenced. 
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Third.  — It  is  necessary  to  raise  jetties  high  enough  above  the  surface 
of  the  water  to  prevent  the  sands  from  washing  over  the  works  into  the 
channel  by  the  force  of  the  storm  waves.     Experience  shows  this  to  be 
absolutely  necessary  to  preserve  the  channel,  or  an  interior  line  of  works 
may  be  so  constructed  that  the  intervening  space  may  become  filled 
and  packed  by  the  sand,  solidifying  the  works  and  preventing  leakage. 
Fourth. — The  concent.rated  volume  will,  with  its  increased  sloi^e  and 
accelerated  current,  obtain  what  it  will  maintain,  and,  conversely,  it  may 
be  stated  that  it  will  not  maintain  what  it  cannot  obtain.     Volume, 
slope,  current  and  friction  of  bed  are  all  so  intimately  connected  and  in- 
terdependent, and  it  may  be  said  symj)athetic,  that  when  one  is  dis- 
turbed all  the  other  elements  at  once  set  themselves  at  work  to  restore 
the  normal  and  healthy  condition  of  the  disturbed  element.     In  an  allu- 
vial bed  this  natural  equilibrium  is  perfect,  even  the  velocity  curves,  both 
horizontal  and  vertical,  and  the  curve  of  the  cross  section  of  the  river 
bed,  assuming  a  beautiful  uniformity  and  similarity.    We  can,  therefore, 
change  only  the  form  of  the  channel,  unless  we  can  j)ermanently  increase 
its  volume.     The  uselessness  and  the  perpetual  labor  imi^osed  on  man 
to  attempt  to  deepen  without  contracting  the  flow,  is  seen  by  years  of 
expensive  work  by  powerful  dredge  boats  at  the  bar  of  the  South-West 
Pass,  striving  against  the  retributive  laws  of   Nature  to  keep  open  a 
channel  5  miles  long.     The  patience  exhibited  by  the  Government  and 
its  employees  was  heroic.     How  often  has  the  writer,  in  the  early  months 
of  the  first  year's  work  at  South  Pass,  watched  from  some  observation 
tower,  with  a  telescope,  the  black  column  of  smoke  rising  all  the  day, 
and  all  the  days,  miles  away,  from  out  the  great  waste  of  reeds  and  waters  ; 
the  tall  masts  of  sailing  vessels  and  steamers  some  distance  to  the  right  and 
left  showed  the  waiting  fleet  at  anchor,  hoping  to  see  the  monster  dredge 
move  out  of  the  only  ditch  through  which  they  could,  one  by  one,  each 
in  his  turn,  go  up  to  the  port,  or  out  to  the  sea,  dragged  mercilessly 
through  it  by  the  tugging  harpies  who  were  always  watching  for  their 
prey.     This  ditch  would  invariably  fill  up  during  a  storm  by  the  sand 
washed  in  by  the  waves,  or  the  rapidly  dropping  sediment  of  the  current, 
slackened  by  the  frictional  resistance  of  the  great  bar,  would  fill  it  with 
mud.     Like  the  Augean  stables,  it  needed  a  Hercules  to  turn  a  current 
through  it,  and  carry  the  objectionable  detritus  into  the  great  depths  of 
the  Gulf  beyond. 

At  the  head  of  the  Pass,  during  the  construction  of  the  works,  and  be- 
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fore  the  necessary  construction  was  accomplished,  an  attempt  was  made 
by  a  sanguine  man,  at  his  own  instance,  to  wash  out  a  channel  by  arti- 
ficial means.  Every  opportunity  was  given  him,  and  a  handsome  bonus 
offered  if  he  should  accomplish  the  deepening  desired.  He  constructed 
a  machine  for  the  purpose,  at  considerable  expense,  the  general  j^lan  of 
which  consisted  in  directing  the  current  by  a  deflecting  board  against  the 
sand  of  the  riverbed,  thus  washing  out  a  trough  and  permitting  the  boat 
to  move  down  stream,  carrying  this  trough  before  it,  and  as  it  were 
shaving  off  the  crest  of  the  bar  about  6  inches  each  time  the  machine 
drifted  over  it.  A  deepening  of  about  2  feet  was  accomplished,  and 
the  removal  of  about  5  000  cubic  yards  of  sand,  but  the  causes  that  pro- 
duced and  maintained  the  shoal  restored  the  lesser  but  normal  depth  ; 
the  channel  that  had  been  deepened  by  this  artificial  means  shoaled 
again  to  the  exact  depth  it  had  before  the  dredging  commenced,  and 
the  project  was  abandoned. 

Fifth. — The  lessons  from  the  works  and  their  results  at  the  head  of 
the  Passes  are  very  instructive,  and  have  for  several  years  proved  that 
willows  and  brush,  used  for  simply  slacking  the  current,  will  cause  de- 
posit and  improve  the  contiguous  channels.  This  inexpensive  material, 
generally  so  abundant  along  our  alluvial  basins,  was  combined  into  dif- 
ferent forms,  simple,  yet  novel,  and  the  cheapness  with  which  the  w^ork 
was  performed,  and  the  effectiveness  of  its  application,  were  so  surprising 
that  this  system  of  controlling  silt-bearing  currents  has  been  adopted  by 
the  Army  Engineers  throughout  the  Mississippi  Valley,  and  it  may  be 
Cv^pied  advantageously  by  the  older  nations  of  Europe,  where  the  same 
materials  have  long  been  used  for  similar  purposes,  but  with  much  less 
economy  and  benefit. 

Sixth. — In  the  construction  of  jetties  across  river  or  harbor  bars,  they 
must  be  pushed  forward  rapidly  to  completion.  Lessons  from  European 
jetties  taught  this  for  our  benefit,  and  every  exertion  was  made  to  com- 
plete the  works  promptly.  The  lesson  of  the  Ehone  was  before  us, 
where,  together  with  other  lesser  causes  for  the  bar  moving  seaward,  was 
the  fact  that  the  jetties  were  never  carried  nearer  than  one  mile  to  the 
crest  of  the  bar.  Even  with  all  the  speed  with  which  the  works  were 
built  at  the  South  Pass,  the  effect  of  a  partial  contraction  only  was  seen 
in  the  fall  of  1875,  especially  upon  the  crest  of  the  bar,  where,  in  Octo- 
ber, the  depth  was  reduced  about  18  inches. 

Seventh. — A  deep   channel,   26  to  30   feet  deep  at  the  ends   of  the 
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jetties,  in  the  Gulf  of  Mexico,  is  below  the  depositing  action  of  the 
waves.  The  waves  are  seldom  more  than  15  feet  in  height,  measured 
from  the  trough  to  the  crest.  Sand  is  deposited  and  moved  along  the 
shore  in  depths  less  than  25  feet.  Therefore,  it  is  of  vital  importance 
to  secure  as  quickly  as  possible  an  outlet  channel  of  greater  depth  than 
this,  to  ensure  it  against  the  deleterious  effect  of  moving  sands. 

Eighth.  —The  lesson  of  the  greatest  practical  importance  is  that  prop- 
erly designed  jetties,  with  a  deep  channel  and  strong  outflowing  current, 
will  not  only  not  accelerate  the  advance  of  bars,  but  will  greatly  retard 
their  growth. 

This  work,  and  the  principles  that  underlie  it,  the  results  and  the  les- 
sons, the  obstacles  natural  and  personal,  with  which  it  had  to  contend, 
have  become  matters  of  history.  You  have  followed  it  through  all  its 
phases;  you  have  appreciated  the  conditions,  the  problems,  and  the  ob- 
stacles; you  will  share  the  just  pride  in  the  successful  issue  of  this  whole 
matter.  We  have  the  greatest  satisfaction  in  having  gained  a  signal  vic- 
tory over  immense  natural  forces  full  of  complicated  conditions.  It  is  a 
part  of  our  profession  to  study  and  understand  the  laws  governing  the 
flow  of  water;  you  feel  the  fascination  of  the  problem  that  was  studied 
and  mastered  at  the  mouth  of  the  Mississippi  Kiver;  you  rejoice  with 
us  because  we  have  controlled  and  guided,  by  attention  to  its  own  laws, 
one  of  the  mightiest  forces  of  Nature,  and  have  made  it  a  willing  servant 
at  our  behest  to  minister  to  the  interests  of  the  great  valley  that  to-day 
goes  out  untrammeled  to  the  world. 

"When  the  plans  for  improving  the  mouth  of  the  Mississippi  River 
were  before  Congress  in  1874,  they  were  submitted  to  several  of  the 
Civil  Engineers  of  the  country  for  examination.  Their  opinions  are  now 
on  record  in  the  archives  of  Congress.  These  gentlemen,  Messrs.  W. 
Milnor  Roberts,  J.  H.  Wilson,  C.  Shaler  Smith,  O.  Chanute,  G.  W.  R. 
Bay  ley,  and  Henry  Flad,  are  entitled  in  a  resume  of  this  great  work  to  a 
share  in  its  success  for  having  boldly,  and  in  the  face  of  opposite  and 
publicly  expressed  views,  given  their  adherence  to  the  plans  proposed. 

Finally,  a  lesson  may  be  drawn  from  this  matter  concerning  the 
proper  mode  of  carrying  on  public  engineering  work.  That  lesson  is,  as 
it  appears  to  the  writer,  that  the  Government  should  summon  to  its  aid 
the  best  engineering  talent  within  its  reach,  and  should  not  give  the  gen- 
eral or  exclusive  charge  of  public  improvements  into  the  hands  of  engi- 
neers educated  to  conduct  works  of  a  totally  different  character. 
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Let  the  doors  be  thrown  open  freely  to  all  engineers  fitted  by  educa- 
tion and  experience  for  the  service  required. 

In  connection  with  this  lesson,  it  is  a  suggestive  fact  that  no  other 
civilized  country  puts  its  river  and  harbor  improvements  into  the  hands 
of  other  than  Civil  Engineers. 

The  appreciation  in  which  the  results  of  the  Mississippi  jetties  are 
held  by  the  commercial  world  is  satisfactorily  shown  by  the  award  made 
by  the  British  "  Society  for  the  Encouragement  of  Arts,  Manufactures 
and  Science,"  of  the  Albert  Medal,  which  was  presented  by  the  Prince  of 
Wales  to  the  designer  of  the  works,  who  is  entitled  in  the  justly  compli- 
mentary resolution  of  award :  "Captain  James  Buchanan  Eads,  the  dis- 
''  tinguished  American  engineer,  whose  works  have  been  of  such  great 
**  service  in  improving  the  water  communications  of  North  America,  and 
*'  have  thereby  rendered  valuable  aid  to  the  commerce  of  the  world." 
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LEYEE  THEOKY  TESTED  BY  FACTS. 


By  Egbert  E.  McMath,  M.  Am.  Soc.  C.  E. 
Read  October  15th,  1884. 


Id  an  unofficial,  but  authoritative  way,  the  following  question  has 
been  stated  by  the  Mississippi  River  Commission,  and  a  majority  of  that 
body  sustain  the  affirmative: 

"  Is  it  in  accord  with  sound  principles  of  engineering,  and  will  it  be 
^'  in  like  manner  conducive  to  the  improvement  of  the  river,  to  confine 
"  the  flood  volume  within  the  channel  by  artificial  additions  to  its 
**  natural  banks  ?" 

To  this  question  an  emphatic  denial  is  given  by  at  least  one  member 
of  the  Commission  in  minority  reports,  and  thereby  open  discussion  is 
practically  invited.  Such  discussion  should  be  of  interest  to  engineers, 
for  aside  from  the  immediate  application,  principles  of  physics  are  in- 
volved which  are  of  great  importance,  if  true,  and  very  dangerous  if 
false.  Convinced  that  the  proposition  is  a  great  error,  I  take  the  position 
that  denial  should  go  further  than  negation,  and  should  furnish  the 
proof,  now  at  hand: 

1st.  That  such  confinement  of  flood  volume  will  not  be  conducive  to 
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the  improvement  of  the  river,  either  in  respect  to  navigability  or  as  a 
channel  to  discharge  the  drainage  of  a  continent. 

2d.  That  all  facts  of  observation  and  experience,  with  emphasis  on 
all,  establish  the  truth  of  a  contrasted  proposition,  viz. : 

Engineering  effort,  so  far  as  it  may  affect  volume,  should  be  in  the 
direction  of  equalization,  that  is,  to  reduce  the  ratio  between  flood  and 
low  stage  volun^e,  by  reducing  the  former  and  increasing  the  latter  by 
every  possible  means.  Where  great  variations  are  unavoidable,  as  is  the 
case  in  the  Mississippi,  the  line  of  effort  should  be  to  render  the  changes 
from  small  to  great  volume,  and  the  reverse,  as  unfrequent  and  gradual 
as  possible. 

The  question,  as  between  concentration  of  flood  volume  and  equaliza- 
tion, turns  upon  the  apprehension  of  and  mode  of  accounting  for  two 
supreme  facts  : 

1st.  The  bars  which  obstruct  navigation  in  the  Mississippi,  below 
the  Missouri,  are  higher  after  a  season  of  high  water  than  at  the  close  of 
a  period  of  low  water;  that  is,  high  stages  bring  increased  obstruction  to 
navigation. 

2d.  The  discharge  for  a  given  height  on  the  gauge  is  materially 
greater  immediately  after  a  low  stage  period  than  immediately  after  a. 
high  stage  ;  and  if  there  be  a  succession  of  floods,  the  discharge  of 
each  succeeding  one  will,  for  a  given  height  on  the  gauge,  be  less  than 
for  the  preceding.  That  is,  "The  coming  flood  brings  with  it  an 
"impediment  to  its  own  discharge,  and  the  impediment  outlasts  the 
"flood." 

Two  modes  of  accounting  for  these  facts  have  been  proposed.  One, 
that  the  first-named  fact  is  due  to  the  effect  of  width  variation  upon 
sectional  area  as  the  river  rises  and  falls,  by  which  the  areas  at  wide  and 
shoal  sections  are  smaller  at  low  stages  and  larger  at  high  than  at  related 
narrower  and  deeper  sections.  As  a  consequence  of  these  changes  of 
relative  area,  wide  places  become  subject  to  deposit  at  high,  and  to  scour 
at  low  stages,  a  reverse  action  occurring  at  the  narrow  sections.  This 
alternate  action  is  the  occasion  of  by  far  the  greater  part  of  silt  move- 
ment. A  demonstration  that  this  must  be  was  given  by  the  writer  in  a 
paper  printed  by  this  Society  in  1880  as  No.  COVI,  and  more  fully  in 
Appendix  K  to  Keport  of  Mississippi  River  Commission  for  1881.  The 
following  table  shows  the  reality  and  importance  of  the  changes: 
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Table  of  Widths,  Areas,  Velocities,  Depths  and  Slopes  at  Craig- 
head Section,  Mississippi  Eiver. 


^  0 


3 

5 

6 

7 

8 

9 

10 

11 

12 

13 

U 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 


a 


Low  Stage, 
Nov.  13th,  1879,  0'  .0. 


1040 
1  660 

1  2(10 
1880 

2  260 
1300 
1300 
1500 
1  180 
1  200 
1420 
1  510 
1480 
1  500 
1  400 
1  500 
1400 
1460 
1480 
1  600 
1  500 

1  800 

2  700 
2  700 


5^ 

6  535 

42  040 

1.88 

11.0 

6  250 

37  770 

2.09 

14.0 

6  010 

39  620 

2.00 

17.0 

5  375 

52  280 

1.51 

26.0 

4  250 

36  080 

2.19 

28.0 

3  550 

40  595 

1.94 

33.0 

4  575 

41930 

1.90 

31.0 

4  450 

37  800 

2.09 

21.0 

4  810 

34  020 

2.32 

20.0 

3  190 

40  930 

1.93 

23.0 

2  267 

30  220 

2.61 

25.0 

3  210 

41650 

2.42 

26  0 

3  467 

46  680 

1.90 

18.0 

3  183 

40  200 

1.70 

28.0 

2  958 

48  740 

1.97 

29.0 

2  625 

48  110 

1.62 

31.0 

2  358 

49  325 

1.64 

34.0 

2  192 

51935 

1.60 

30.0 

2  517 

56  660 

1.52 

31.0 

2  317 

59  210 

1.40 

27.0 

3  983 

51690 

1.33 

24.0 

5  200 

41530 

1.53 

22.0 

3  600 

41  530 

1.90 

54.0 

2  125 

45  870 

1.72 

58.0 

S  o 


0.183 
0.386 
0.381 
0.240 
0.239 
0.277 
0.253 
0.273 
0.381 
0.250 
0.225 
0.159 
0.202 
0.100 
0.121 
0.080 
0.050 
0.069 
0.007 
0.006 
0.007 
0.017 
0.033 


HiG 

Jan.  3cl, 


H  Stage, 
1880,  +  26'. 6. 


8  565 
8  680 
8  840 
8  150 
7  610 
7  610 
7  600 
7  930 


8  010 

7  250 

6  170 

5  490 

6  530 

7  340 

6  570 

5  990 

5  300 

4  840 

4  920 

5  600 

6  180 

6  450 

5  480 

3  760 

234  190 

243  000 
260  000 
249  820 
229  030 
231  000 
220  620 

244  410 
227  230 
203  970 
175  740 

167  770 
175  850 

175  500 

176  300 

168  650 
170  200 
159  350 
154  600 
199  850 
217  650 
229  000 
196  830 
143  510 


as   P^ 


4.08 
3.93 
3.67 
4.00 
4.17 
4.13 

4.33  , 

I 
3.91  j 

4.17  I 

4.68 

5.43 

5.69 

5.43 

5.43 

5.41 

5.60 

5.61 

5.99 

6.17 

4.78 

4.39 

4.08 

5.00 

6.65 


32.0 
37.0 
36.0 
41.0 
52  0 
54.0 
55.0 
47.0 
45.0 
49.0 
55.0 
59.0 
54.0 
57.0 
57.0 
56.0 
62.0 
64.0 
62.0 
59.0 
52.0 
49.0 
74.0 
81.0 


0.058 
0.078 
0.091 
0.004 
0.053 
0.077 
0.053 
0.086 
0.068 
0.133 
0.183 
0.146 
0.081 
0.133 
0.121 
0.146 
0.136 
0.185 
0.149 


o^ 


o 


—  5'. 6 

—  3'.6 

—  7'.6 
-11'. 6 

—  2.6 

—  5'.6 

—  2'.6 

—  0'.6 

—  1'.6 

—  0'.6 
+  3'.4 
4-6'.4 
-f  9'.4 
+  2'.4 

+  r.4 

—  r.6 

+  1'.4 
+  7'.4 
+  4'.4 
+  5' .4 
+  1'.4 
+  0'.4 

—  6'.6 

—  3'. 6 
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The  rise  and  fall  of  the  shoals  tinder  the  first  fact  affect  the  hydraulic 
conditions  of  the  river  and  so  produce  the  second  fact,  diminished 
capacity  for  discharge,  beginning  when  the  bars  commence  to  rise  and 
following  them  in  direct  relation.  The  relation  of  bar  or  weir  height  to 
velocity  and  discharge  was  discussed  in  No.  CCXXXIX  of  papers 
before  the  Society,  printed  in  1882. 

The  other  mode  of  accounting  for  the  facts  is  advanced  by  the  Com- 
mission in  effect,  but  not  in  formulated  statement.  They  claim  that 
when  the  river  begins  to  overflow  its  banks  a  remarkable  loss  of  velocity 
in  the  stream  occurs.  That  is,  the  velocity  of  the  current,  which  nor- 
mally increases  at  a  regular  rate  as  the  river  rises,  suddenly  loses  that 
rate  of  increase  at  the  level  of  overflow,  and  may  show  actual  loss  as 
the  river  rises  and  spreads  over  the  bottoms. 

Next  it  is  assumed  that  the  stream  is  loaded  to  its  full  carrying 
capacity  with  sediment,  and  therefore  is  exceedingly  sensitive  to  change 
of  velocity.  To  quote  from  one  member  of  the  Commission  (Judge 
Eobt.  S.  Taylor  in  North  American  Review,  March,  1884,  page  290)  : 
•*  The  least  halt  in  the  great  procession  of  particles  precipitates  part  of 
"  its  constituent  membership  to  the  bottom.  There  they  create  an 
"  obstruction  which  prolongs  the  halt ;  the  prolonged  halt  increases 
"  the  obstruction,  and  so  on,  each  condition  reacting  on  the  other. 
*'  The  result  is  decreased  velocity  and  increased  rise  in  the  stream." 

To  a  disinterested  onlooker  it  must  appear  strange  that  the  Commis- 
sion should  make  much  of  the  loss  of  velocity  occurring  at  top  of  flood, 
which  in  no  case  exceeds  20  per  cent .,  as  a  cause  of  deposit,  and  over- 
look the  variations  of  velocity  due  to  difference  of  sectional  area,  which 
often  amount  to  50  per  cent,  and  more  in  a  few  miles  distance.  These 
variations  are  just  as  important  before  as  after  overflow,  as  the  table  just 
given  clearly  shows. 

To  put  the  two  modes  of  accounting  for  the  facts  clearly  before  the 
eye  and  mind,  diagrams  1  and  2,  Plate  XLIV,  will  be  used. 

By  my  explanation,  the  rise  of  bar  during  flood  from  A  to  A\  Fig.  1, 
Plate  XLIV,  is  determined  by  relative  widths.  A  B  and  A'  B'  are  the 
origin  of  velocity  before  and  after  flood.  A  continuous  series  of  observa- 
tions during  a  complete  cycle  of  rise  and  fall  will  approximate  an  en- 
closed figure  as  the  velocity  curve.  The  stream  under  the  changed 
conditions  must  rise  from  Cto  C",  in  order  to  discharge  an  equal  volume. 

The  Commission's  explanation,  reduced  to  ultimate  terms,  is,  that  if  a 
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particle  of  water  at  A,  Fig.  2,  Plate  XLIV,  under  the  influence  of  a  fall 
in  the  direction  of  the  channel  capable  of  producing  the  velocity  V,  is 
exposed  to  the  attraction  of  a  new  force  capable  of  producing  a  velocity 
V  toward  and  over  the  bank,  a  loss  of  previous  velocity  will  ensue  and 
a  corresponding  decrease  of  transporting  power.  To  quote  their  latest 
utterance  :  "  The  loss  of  volume  through  high  water  outlets  causes  both 
"  a  diminution  of  velocity  and  a  deflection  of  the  thread  of  movement  of 
*'  the  stream  towards  the  outlet,  accompanied  by  loss  of  the  power  nec" 
* '  essary  to  transport  the  material  with  which  it  is  loaded.  The  excess  of 
**  load  is  dropped  in  the  bed,  decreasing  the  section  below  the  outlet." 
(Eeport  for  1883,  page  18.) 

The  fallacy  of  their  argument  is  made  apparent  by  completing  the 
parallelogram,  F"  >    F. 

They  are  correct  as  to  facts,  but  wrong  in  theory.  The  accelerated 
current  above  the  outlet,  which  extends  for  miles,  provokes  local  scour 
and  brings  to  the  outlet  material  which  cannot  go  out,  and  this  material 
passing  into  the  normal,  but  comparatively  slack,  current  below  the 
outlet,  is  dropped  and  decreases  the  section.  A  diffused  overflow  exerts 
no  such  influence  and  produces  no  such  result. 

Another  idea,  held  by  some,  is  that  the  quantity  of  sediment  borne  at 
different  depths  increases  in  some  ratio  to  depth  below  surface,  hence 
that  the  escape  of  the  surface  and  less  burdened  water  by  overflow  brings 
about  an  enormous  decrease  of  silt  carrying  capacity. 

Both  ideas  make  overflow  the  occasion  of  deposit  within  the  bed 
through  a  diminution  of  velocity,  which  must  be  as  general  as  is  the 
overflow;  hence  the  deposit  should  be  general  also,  bars  and  pools  shar- 
ing alike;  or,  if  there  be  difference,  the  deep  pools  should  receive  the 
greater  deposit,  for  overflow  is  largely  at  the  bends.  It  is  well  known 
that  deposit  on  bars  is  often  10  and  more  feet  in  depth.  Suppose  such  a 
deposit  general  in  a  river  nearly  a  mile  wide,  and  the  source  of  the  mate" 
rial  to  make  it  must  be  sought  for  and  shown. 

From  the  foregoing  statements  it  appears  that  the  two  modes  of 
accounting  for  the  facts  are  widely  apart,  reversing  the  relation  between 
antecedent  and  consequent ;  therefore,  if  one  even  approximates  the 
truth,  the  other  must  be  wholly  false. 

By  the  mode  first  stated  the  process  of  filling  on  bars  should  begin  at 
a  mean  stage,  or  when  the  rise  passes  a  certain  limit,  which  is  variable 
with  season  and  locality,  but  found  at  a  lower  level  where  the  differences 
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of  width  are  great  than  where  they  are  small.  By  the  other  mode  that 
beginning  must  be  at  the  stage  of  overflow.  Which  is  true,  is  therefore 
readily  determinable  by  observation  of  the  time  and  stage  when  such  fill 
begins.  Such  observations,  made  in  an  unscientific  way,  have  estab- 
lished among  boatmen  the  maxim  that  even  a  moderate  rise  will  injure — 
"flatten  out" — the  channel.  Experience  has  also  taught  the  working 
engineers,  who  have  had  actual  contact  with  the  facts,  that  the  change 
of  bar  height  occurs,  in  numerous  cases,  when  the  rise  does  not  reach 
overflow  or  even  near  it.  Consequently,  the  presumption  is  so  strong 
against  the  second  mode  that  the  burden  of  proof  rests  upon  its  adher- 
ents. 

The  Mississippi  River  Commission,  with  means  in  its  hands  for,  and 
professedly  engaged  in  physical  investigations,  has  not,  in  the  four 
years  of  its  existence,  succeeded  in  finding  any  evidence  whatever  of  the 
possibility  of  the  theory  which  is  fundamental  to  the  scheme  of  improve- 
ment proposed. 

Although  the  Commission  has  not  sought  a  direct  test  of  its  theory, 
every  line  of  investigation,  whatever  the  immediate  object  may  be,  can- 
not fail  to  bring  out  evidence  bearing  upon  the  subject.  These  side 
lights,  so  far  as  they  have  been  made  available  for  public  discussion,  I 
propose  to  use  in  proof,  that  deterioration  of  channel  in  navigable  depth 
and  hydraulic  capacity  is  not  caused  by  overflow,  and  is  not  necessarily, 
or  even  ordinarily,  associated  with  it  in  time  or  place  ;  therefore,  it  will 
not  be  conducive  to  the  improvement  of  the  river  to  confine  its  flood 
waters  within  the  channel  by  artificial  additions  to  its  natural  banks. 

The  first  class  of  observations  I  will  use  is  discharge  observations. 
I  will  take  from  the  mass  of  concurrent  testimony  three  cases  that  have 
been  publicly  cited  as  proof  of  the  Commission's  view,  and  of  which 
it  has  been  semi-officially  said  :  *'  It  is  obvious  that  in  each  of 
"  these  cases  there  was  a  choke  of  some  kind  in  the  river.  There  was 
"  no  visible  obstruction  in  any  of  them  to  create  it.  It  was  coincident 
"  with  general  overflow  and  did  not  appear  at  any  other  stage  (?).  The 
*'  inference  from  these  circumstances  alone,  that  it  was  in  some  way 
**  caused  by  the  overflow,  is  by  no  means  illogical."  With  the  facts  so 
cited  I  will  quote  others  in  the  immediate  series,  so  as  to  present  the 
several  cases  in  the  light  of  their  actual  association  with  other  and  more 
important  phenomena  than  overflow. 
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The  first  case  was  at  Grafton,  111. ,  during  the  rise  of  April  and  May, 
1881,  covered  in  the  table  below,  in  which  the  last  column  shows  the 
change  in  sectional  area  due  to  fills  and  scours: 


Date. 

Gauge. 

April  20,  1881 

29'.  70 

(( 

21,     - 

29'. 88 

(( 

22,     - 

30'.  29 

(( 

23,     - 

30'.  83 

(( 

*25,     '' 

32'.  17 

(( 

27,     - 

33'.  19 

(( 

28,     - 

33'.  48 

(( 

29,     - 

33'.  68 

May 

3,     " 

34'. 02 

(< 

4,     - 

34'.  13 

(( 

5,     - 

34'. 22 

(( 

*6,     - 

34'.  16 

(( 

7,     - 

33'.  79 

(( 

9,     - 

31'. 94 

(( 

10,     - 

30'.  86 

(( 

11,     - 

29'.  96 

Width. 


2  416' 


Sectional    Mean 
Area.      Velocity. 


Sq.  ft. 
64  463 
63  525 
63  657 

63  800 

67  545 
73  620 
73  815 
73  920 
73  435 

73  725 

74  010 
73  695 
72  832 

68  192 
66  698 

64  485 


4'.  297 
4'. 417 
4'.  299 
4'. 410 
4'. 594 
4'.  584 
4'. 412 
4'.  471 
4. 237 
4'.  005 
3'.  937 
3'.  859 
3'. 762 
4'. 214 
4'. 316 
4'.  154 


Discharge. 


Cu.  ft. 
277  015 

280  606 

273  632 

281  349 

310  309 
337  486 
325  638 
330  482 

311  132 
295  285 
291  365 
284  406 

274  014 
287  378 
287  889 
267  874 


Area 

Below 

Datum. 


Sq.  ft. 
77  263. 
75  891 
75  03a 

73  872: 

74  380 
77  991 
77  486 
77  108 

75  802 
75  826i 
75  894 
75  725 
75  757 

75  587 

76  701 
76  662 
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There  was  an  overflow  and  slackening  of  current,  but  the  velocity 
was  recovered  before  the  river  returned  within  its  banks.  The  explana- 
tion is  very  simple.  The  observation  station  was  about  20  miles  above 
the  junction  of  the  Missouri,  and  just  below  that  of  the  Illinois  with  the 
Mississippi.  The  remarkable  loss  of  velocity  began  April  22d,  reached  its 
maximum  May  5th,  and  was  wholly  recovered  from  by  May  10th.  The 
Missouri  River,  at  St.  Charles,  Mo.,  about  30  miles  above  the  mouth, 
began  to  rise  rapidly  April  22d,  reached  a  maximum  May  5th,  and  then 
fell  rapidly  until  May  11th.  (See  diagram  of  St.  Charles  gauge,  Plate  4, 
Appendix  H,  to  Commission's  Report  for  1881.)  The  Upper  Mississippi 
and  Illinois  did  not  materially  share  in  the  rise,  as  is  evidenced  by  the 
discharge  column.  The  Grafton  case,  therefore,  was  no  more  than 
simple  backed  water.  The  observations  marked  by  ^  in  the  table 
have  been  cited  as  proof  of  velocity  lost  by  overflow.  Change  of  section, 
as  shown  in  the  last  column,  was  comparatively  small  and  of  no  special 
significance. 

Similarly,  at  Hay's  Landing,  Mississippi,  the  observations  of  two 
dates  have  been  cited: 


Date. 

Stage. 

Width. 

Sectional 
Area. 

Mean 
Velocity. 

Discharge. 

Datum 
Area. 

Mar.  20, 1882. 
June  1,       " 

38'. 59 
34'.  15 

2  820' 
2  707' 

Sq.  Ft. 
172  105 
167  397 

5'.  444 
6'. 265 

Cu.  Ft. 
936  954 

1  048  750 

Sq.  Ft. 
170  515 
178  244 

and  said  to  show  gain  of  velocity  as  the  river  came  within  its  banks  after 
overflow. 

I  will  take  other  observations  at  stages  very  near  34'.  15,  before  as 
well  as  after  overflow,  and  ask :  How  do  the  proposers  of  the  overflow 
theory  account  for  the  fact  that  velocity  and  discharge  at  34 '.28  stage 
on  January  21st,  before  overflow,  was  so  much  greater  than  at  nearly  like 
stages,  April  26tli,  May  20th  and  24th,  and  less  than  at  34' .  15  stage  of 
June  1st,  all  being  alike  after  overflow? 
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Date. 

Gauge. 

Width. 

Sectional 
Area. 

Mean 
Velocity. 

Sq.  Ft. 

Jan.  21,  1882. 

34'. 28 

2  710' 

161  534 

6'. 056 

Mar.  20, 

a  * 

38'. 59 

2  820' 

172  105 

5'.  444 

Apl.  26, 

i( 

34'.  15 

2  699' 

159  935 

5'.  358 

May  20, 

li 

34'.  09 

2  705' 

162  672 

5'. 553 

"     24, 

(( 

34'. 20  . 

2  707' 

164  777 

5'.  555 

June   1, 

((  ^ 

34'.  15 

2  707' 

167  397 

6'.  265 

Discharge. 


Cu.  Ft. 
978  300 
936  954 
856  940 
903  247 
915  381 
1  048  750 


Datum 
Area. 


Sq.  Ft. 
171  788 
170  513 
170  788 
173  669 
175  489 
178  244 


I  explain  it  as  the  result  of  backed  water,  and  nothing  else,  during 
the  rush  of  water  from  the  Yazoo  basin,  which  is  partly  measured  by  the 
difference  in  measured  discharges  at  Hay's  Landing  and  at  Red  River 
Landing,  shown  below: 


Date. 

Discharge  at 

Red  River 

Landing. 

Discharge  at 

Hay's 

Landing. 

Difference. 

Ou,  Ft. 

Cu.  Ft. 

Cu.  Ft. 

Jan.  21,  1882. 

1  050  024 

978  300 

71724 

These  differ- 
ences are  a  fail 

Mar.  20,      " 

1  407  755 

936  954 

470  801 

indication  of  the 

Apl.    26,     " 

1  317  374 

856  940 

460  434 

outflow  from  the 
Yazoo  basin,  bui 

May  20,     " 

1  175  341 

903  247 

272  094 

less  in  amount  bj 
the  overflow  intc 

"      24,     " 

1  146  364 

915  381 

230  983 

the  Tensas  basin. 

June    1,      *' 

1  137  809 

1  048  750 

89  059 

The  evidence  of  discharge  differences  is  corroborated  by  the  gaug( 
records,  unpublished,  at  Hay's  Landing  and  Lake  Providence,  11  milei 
above,  which  show  a  flat  slope  between  the  two  places  on  the  datei 
when  current  was  slow,  and  a  steep  slope  June  1st.  At  the  earlier  date.' 
the  outflow  from  the  Yazoo  basin  acted  just  like  a  flood  from  a  grea 
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tributary  in  backing  the  water  for  miles  above  its  entrance.  The  Yazoo 
water  began  to  reach  the  Mississippi  a  few  miles  below  Hay's  Landing, 
breaking  through  the  levees  from  the  rear  into  the  Mississippi,  and  then 
out  of  the  Mississippi  into  the  Tensas  basin  through  the  Louisiana^ 
levees. 

A  third  case  is  at  Clayton,  Iowa,  and  is  a  test,  for  it  is  clear  of  the 
suspicion  of  backed  water.  The  locality  is  a  few  miles  below  the  junc- 
tion of  the  Wisconsin.  The  table,  page  342,  is  extended  to  cover  the  rise 
from  and  return  to  a  mean  stage  in  May,  and  also  the  rise  in  October,  in 
which  the  essential  phenomena  were  repeated.  The  October  observations 
have  been  cited  in  evidence  that  loss  of  velocity  is  caused  by  overflow, 
which,  at  the  locality,  becomes  general  at  14'  stage;  but  the  similar  loss 
in  May,  occurring  at  a  lower  stage  in  a  rise  which  did  not  reach  14',  was 
overlooked. 

The  Clayton  observations  in  May  and  October,  taken  together,  there- 
fore, furnish  a  complete  refutation  of  the  overflow  theory.  The  asserted 
eftect,  loss  of  velocity,  appeared  when  the  assigned  cause,  overflow,  was 
wanting.  A  similar  case  of  loss  in  velocity  and  discharge,  though  stage 
increased,  without  overflow,  is  found  in  the  Carollton  observations  of 
1880,  at  a  stage  between  10  and  12  feet,  and  so  in  numerous  cases  which 
it  would  be  burdensome  to  specify. 

The  overflow  theory  had  its  origin  in  a  hasty  interpretation  of  certain 
facts  reported  as  attending  a  flood  in  the  Missouri  River  in  1881;  indeed, 
the  same  flood  that  caused  the  backwater  at  Grafton,  and  there  furnished 
the  delusive  argument  for  the  theory  which  has  been  refuted  above. 

The  original  statement  concerning  this  Missouri  flood,  in  Report  of 
Commissioners  for  1881,  page  135,  shows  that  when  passing  Sioux  City 
■;he  flood  carried  no  sediment,  that  it  was  not  augmented  by  floods  from 
ributaries  below  tliat  point,  that  nevertheless  it  became  exceedingly 
nuddy,  filled  the  ordinary  bed  in  places  and  made  extensive  deposits  on 
he  overflowed  bottoms.  "From  Omaha,  St.  Joseph,  Kansas  City  and 
'  Glasgow,  reports  were  received  that  after  the  river  got  out  of  its  banks 
'  the  rate  of  rise  increased,  while  the  current  was  so  materially  slackened 
*  in  the  course  of  a  few  hours  that  skiffs  could  row  about  with  ease, 
'  although  before  the  river  left  its  banks  and  after  it  returned  to  them 
'  the  current  was  so  strong  that  even  steamboats  were  unable  to  stem 
'  it."  Summing  up  a  discussion  of  these  reported  facts,  a  Committee 
sport  says  :  "  Hence,  if  the  flood  had  been  restrained  by  levees  where 
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Date. 

Gauge. 

j 
Width. 

Sectional 
Area. 

Sq.  Ft. 

Mean 
Velocity. 

Discharge. 

Datum 
Area. 

Sq.  Ft. 

Cu.  Ft. 

May  2,1881.... 

8'.  26 

1470 

27  667 

2'.  725 

75  393 

42  158 

••   3,  "  .... 

9'.  10 

1471 

29  471 

3'.  328 

98  080 

42  727 

Rise  of  1.5 
/  and  loss  of  ve- 
(  locity,  but  no 
^  overflow. 

"   5,  "  

12'.  21 

1473 

33  836 

4'.  007 

135  580 

42  499 

"   7,  "  .... 

13'.  73 

1483 

35  895 

4'.  001 

143  626 

42  304 

"  10.  "  .... 

13'.  51 

1483 

35  279 

3'.  893 

137  342 

42  014 

"  11,  •'  .... 

13'. 08 

1483 

35  350 

3'.  814 

134  826 

42  723 

"  16,  "... 

il'.07 

1478 

32  332 

3'.  529 

114  066 

42  672 

"  17,  "... 

10'.  87 

1478 

31  759 

3'.  526 

in  983 

42  405 

"  18.  "  .... 

10. 68 

1478 

31486 

3'.  4.50 

108  628 

42  397 

"  19,  "  .... 

10'.  54 

1478 

31372 

3'. 414 

107  104 

42  490 

"  20.  "  .... 

10. 40 

1478 

31416 

3'  420 

107  443 

42  741 

"  21.  "  .... 

10'.  30 

1477 

31  046 

3'.  378 

104  875 

42  519 

"  23.  "  .... 

10'.  14 

1477 

30  483 

3'.  208 

97  790 

42  192 

"  24,  "  .... 

9'.  96 

1476 

30  474 

3'.  203 

97  609 

42  449 

•'  25,  "  .... 

9'.  82 

1476 

30  087 

3'  197 

96  300 

42  268 

"  26,  "  .... 

9'.  58 

1475 

29  834 

3'.  162 

94  335 

42  369 

"  27,  "  .... 

9'  40 

1475 

29  586 

3' .  100 

91  715 

42  386 

"  28,  "  .... 

9'. 15 

1474 

29  665 

3'. 072 

91130 

42  834 

"  30,  "  .... 

8'.  76 

1473 

28  670 

2'.  953 

84  658 

42  414 

Sept.l5, 1881.... 

7'.  58 

1471 

28  011 

2'.  842 

79  606 

43  482 

"  18.  "  .... 

9'.  84 

1478 

31  944 

3'. 439 

109  855 

44  081 

"  20,  '•  .- 

11'. 22 

1482 

34  003 

3'.  665 

124  622 

44  098 

"  21,  "  .... 

11'  65 

1487 

34  294 

3. 731 

127  950 

43  74i) 

"  22,  ••  .... 

12'.  00 

1488 

35  297 

3'.  778 

133  352 

44  222 

"  23,  "  .... 

12'.  22 

35  790 

3'.  738 

133  782 

44  388 

"  24,  "  .... 

12'. 23 

35  517 

3' .  783 

134  360 

44  100 

"    26,  "  .... 

12'  15 

35  402 

3'.  658 

129  502 

44  105 

"  27,  "  .... 

12'. 08 

35  552 

3'.  648 

129  694 

44  358 

"  28,  "  •.... 

12'.  02 

35  227 

3'  640 

128  227 

44  123 

"  29,  "  .... 

11'.  92 

35  094 

3'.  637 

127  638 

44  139 

"  30,  "... 

12'.  26 

35  666 

3'.  770 

134  462 

44  205 

Oct.  1,1881.... 

12'. 40 

35  807 

3'.  678 

131  699 

44  138 

"   3,  "  .... 

13'. 00 

36  608 

3'.  960 

144  968 

44  047 

"   4,  "  .... 

13'. 68 

37  620 

4'.  042 

152  050 

44  047 

-^  1  cL 

"   7,  "  .... 

15'. 30 

4U181 

4'.  095 

164  540 

44  198 

1  §^^ 

"   8,  "   ... 

16'  20 

41  272 

4'. 211 

173  796 

43  950 

1^^ 

'   10,  "  ... 

17'.  56 

44  053 

4'.  066 

179  119 

44  707 

"  12,  "  .... 

17'. 25 

43  833 

4'.  033 

176  778 

44  948 

1   ^     1« 

"  13,  "  .... 

16'. 93 

43  111 

4'.  050 

174  600 

44  702 

!  CO  o:  « 
1  ^  03  a; 

"  16,  "  .... 

16'.  44 

42  319 

3'.  989 

168  812 

44  639 

"  18,  "  .... 

17'. 36 

43  516 

3'.  979 

173  150 

44  467 

"  19,  "  .... 

17'. 63 

43  973 

3'.  965 

174  355 

44  525 

<^-2^ 

"  21,  "  .... 

17'.  98 

44.123 

4'.  035 

178  034 

44  153 

"  22,  "  .... 

17'. 90 

44  159 

4'.  039 

178  356 

44  308 

"  24,  "  .... 

17'.  62 

43  815 

3'.  925 

171  974 

4i381 

ca.2tfl 
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*'  necessary,  and,  still  better,  if  the  high  water  section  had  been  reduced 
**  to  any  approximately  uniform  and  suitable  width,  the  water  surface 
'*  would  nowhere  have  surpassed,  and  would  generally  have  fallen  much 
"  below,  the  level  of  the  present  banks."    (Report  for  1881,  page  137.) 

Accepting  the  facts  as  stated,  a  few  simple  considerations  will  over- 
throw the  theory  and  condemn  the  remedy  proposed : 

1.  How  did  the  river,  originally  clear,  and  not  receiving  floods  from 
tributaries,  obtain  the  material  for  the  enormous  deposits  noted  ?  Obvi- 
ously by  scouring  its  own  bed  and  banks  in  some  places  and  depositing 
the  material  so  obtained  at  others . 

2.  Did  this  scour  take  place  when  the  river  was  still  within  its  banks 
and  the  current  very  swift,  or  after  the  river  got  out  of  its  banks,  when 
it  is  said  the  current  became  slack  ?  Certainly  when  the  current  was 
swift. 

3.  Did  the  scoured  material  continue  in  suspension  until  the  river  had 
gotten  out  of  its  banks,  and  then  settled  in  the  slackened  current  in  a 
nearly  uniform  sheet  everywhere  ?  Or  did  it  drop  in  reaches  of  exces- 
sive width,  before  as  well  as  after  overflow,  as  the  water  conveying  it 
reached  such  places  in  its  course,  forming  high  bars  which,  acting  as 
dams,  obstructed  the  flow  and  sent  the  river  out  of  its  banks  ? 

The  statement  is  distinctly  made  that  deposits  6  to  12  feet  in  depth 
were  observed  at  sheltered  places  in  the  bed  after  the  flood  had  passed, 
and  from  4  to  6  feet  deep  on  the  banks.  Can  any  one  believe  that  such 
quantities  of  sand  could  have  been  held  in  suspension  to  await  the  hour 
of  overflow  ? 

Bring  in  the  principle  of  alternating  localities  of  scour  and  deposit, 
determined  by  relative  widths,  and  how  simply  all  the  phenomena  are 
explained.  The  built-up  bars  impeded  the  flood,  slackened  the  current 
and  exaggerated  the  overflow — antecedent  and  consequent,  in  an  obvi- 
ously natural  order.  The  attempt  to  make  these  facts  support  a  theory 
favorable  to  levees  reversed  the  relation  of  cause  and  effect,  and  led  to 
the  statement,  already  quoted,  to  the  effect,  that  if  the  natural  banks  had 
been  raised  artificially  their  original  height  would  have  been  more  than 
sufficient  to  hold  the  flood  ! 

The  theory  upon  which  levee  construction,  as  a  means  of  improving 
the  Mississippi,  is  proposed,  in  all  its  parts  and  particulars,  is  an  inversion 
of  the  relation  of  cause  and  effect,  and  cannot  be  followed  in  any  direc- 
tion to  a  logical  or  experimental  conclusion  without  meeting  Nature's  veto, 
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leading  to  direct  absurdity  or  to  practical  failure,  perhaps  attended  hj 
disaster.  I  have  sufficiently  shown  the  falsity  of  that  form  of  the  theory 
which  undertakes  to  find  in  overflow  a  cause  of  slackened  current,  and 
thereby  of  obstructed  channel,  by  a  review  of  the  very  facts  cited  in  its 
support. 

The  contrasted  theory  is  supported  by  these  same  facts  and  by  all. 
In  every  series  of  observations,  wherever  taken,  a  tendency  for  the  veloc- 
ity and  discharge  curves,  traced  by  connecting  successive  observations, 
to  form  a  loop  backward,  at  the  top  of  a  flood  or  moderate  rise  alike, 
is  very  noticeable.  The  looping  becomes  very  conspicuous  wherever  the 
stream  is  subject  to  change  of  bed  and  bank,  and  the  water  flood  is  ac- 
companied by  a  movement  of  silt.  (See  diagrams  3,  4  and  5,  Plats 
XLV,  for  one  of  many  samples  which  might  be  given.)  The  plotted 
positions  are  the  mean  of  observations,  taken  in  groups  of  five  consecu- 
tive dates.  (Report  for  1883,  pages  470,  471.)  Also  in  streams  whose  bars 
*'  cut  out "  a  converse  looping  forward  becomes  conspicuous  at  low  stages. 
Beyond  possibility  of  question,  this  looping  forward  is  due  to  the  cut- 
ting out  of  the  bars  or  lowering  the  crests  of  submerged  weirs,  by  which 
the  gauge  reading  decreases,  and  area  also,  without  a  corresponding  de- 
crease of  discharge  and  velocity,  and  this  establishes  a  very  strong  pre- 
sumption that  the  looping  in  the  contrary  direction  at  the  other  extreme 
of  stage  is  due  to  filling  bars  or  rise  of  submerged  weirs. 

A  clear  proof  that  this  is  so  might  be  drawn  from  a  discussion  of  the 
generalized  curves,  which  represent  the  mean  of  observations  at  any 
locality  when  the  series  covers  a  full  cycle  of  rise  and  fall.  For,  if  some 
of  the  hydraulic  conditions,  especially  the  one  which  defines  the  origin 
of  the  curves,  undergo  change  during  the  season  of  observations,  it  is 
easily  seen  that  the  generalized  curve  or  formula  expressing  the  mean 
of  conditions  will  not  be  reconcilable  with  the  conditions  that  are  con- 
tinuous. The  Commission  has  shut  out  the  opportunity  for  such  a  dis- 
cussion by  withholding  their  local  discharge  formulas  from  publication.  * 

*  Discharge  equations  are  the  product  of  two  factors,  an  expression  for  area  of  cross- 
section  and  one  for  the  mean  velocity  in  that  section. 

The  function  expressing  area  has  its  origin  at  the  lowest  point  in  the  section,  and  would 

usually  be  complex,  but,  since  the  part  of  any  section  which  lies  below  the  lower  limit  of 

stage  variation  is,  by  the  fundamental  hypothesis  of  a  discharge  equation,  considered  as  a 

constant,  the  form  of  that  part  of  the  section  is  of  no  consequence.    Between  the  limits  of 

stage  variation  many  river  sections  may,  without  sensible  error,  be  considered  rectangular. 

Hence,  A  being  total  area,  W  width,  g  height  above  lowest  stage  and  a  constant  area,  the  area 

expression  is : 

A  =  Wg  -f  a. 
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Another  line  of  evidence  bearing  upon  the  same  point  is  afforded  by 
series  of  stage  observations  made  at  stations  which  have  been  connected 
by  leveling.  The  fall  between  stations  is  found  to  increase  and  diminish 
in  a  way  not  to  be  accounted  for  except  by  the  coming  and  going  of 
bars  acting  as  dams.  The  table  below  shows  the  changes  in  a  piece  of 
river  in  which  no  bar  obstructing  navigation  has  developed,  but  there  is 
a  widening,  and  then  a  very  decided  contraction,  between  the  observa- 
tion points  and  an  unstable  channel. 

Diagrams  3  and  4  show  that  a  and  c  changed  greatly,  and  in  such  a 
way  that  enlargement  of  section  (local)  accompanied  diminished  velocity 
and  discharge. 

Analysis  of  discharge  curves  derived  from  the  several  series  of  obser- 
vations made  on  the  Mississippi  and  other  streams  shows  that  impaired 
efficiency  of  discharge  follows  wherever  erosion  and  deposit  are  im- 
portant in  amount,  whether  the  local  result  of  change  at  the  observation 
section  is  scour  or  fill.  Hence,  any  influence  which  provokes  or  exag- 
gerates silt  movement  is  a  cause  of  channel  impairment,  and  cannot  be  a 
means  of  improvement. 

If  the  banks  are  sloping  the  sum  of  the  triangles  at  the  sides  will  be  measured  by 
d+e 
— — p2,  d  and  e  being  the  co-sines  of  the  angles  of  inclination;  a  more  general  expression 

would  therefore  be,  TFi  being  width  at  lowest  state  : 

The  expression  for  mean  velocity  is  commonly  taken  as  a  straight  line, 

V^hg^c, 
in  which  6  is  a  local  co-eflacient,  and  c  the  value  of  velocity,  when  g=^o,  or,  as  g  is  defined 
above,  when  the  river  is  at  its  lowest  stage.    In  practice  the  assumption  of  a  straight  line  is 
admissible  for  high  stages,  but  if  applied  to  low  stages  will  lead  to  an  underestimate  of 
velocity,  and  very  strange  conclusions. 

There  is  at  every  section  a  level  at  which  flow  would  cease,  determined  by  the  crest  of 
some  dam,  bar  or  other  physical  feature.  Logically  and  practically,  for  use  at  low  stages, 
this  level  must  be  ascertained  and  made  the  origin  of  velocity,  which  may  then  be  very 
closely  represented  by  a  hyperbola  : 

in  which  A  and  B  are  axes  of  hyperbola  and  E  elevation  of  surface  above  level  of  no  flow. 
A  closer  approach  to  observations  is  obtainable  in  the  form, 

v^^{E  +  C). 
in  which  D  and  C  are  variables  depending  on  E.    To  make  up  a  curve  or  table  of  discharge, 
one  of  these  expressions  for  v  should  be  used,  but  for  numerical  solution  applied  to  high 
stages,  only  the  simple  straight  line  may  be  used,  giving  for  rectangular  sections  : 

Q=zAv  =  bwg2  -\-  [ab  -j-  cw)  g  -\-  ac; 
and  for  trapezoidal  sections : 

Q  =  Av^  bfgs  +  (C/+  bwi)  gi  +  (ab  +  cw\)  g  +  ac. 
Co-'  flficients  and  constants  in  the  factor  expressions  have,  therefore,  a  plain  physical 
significance,  and  afford  tests  of  the  continuity  of  conditions,  especially  of  a,  w  and  c,  during 
a  series  of  observations  from  which  an  equation  has  been  derived. 
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Variation  of  Faxl  at  St.  Louis. 


Year. 

Highesl 
Stage. 

Greatest 
Fall. 

Lowest 
Stage. 

Least 
Fall. 

Range 
of  Stage. 

Range 
of  Fall. 

Remarks. 

1871 

17'. 70 

1'.82 

3'.38 

1'.09 

14'.32 

0'.73 

The  stages  and  falls  are 
not  for  the  same  dates. 

1872 

21'.90 

3'.06     • 

I'.OO 

1'.22 

20'. 00 

1'.84 

but  near.  The  falls  are 
not  the  greatest  or  least. 

1873 

23'.90 

3'.67 

3'. 87 

1'.54 

20'. 03 

2'. 13 

but  are  chosen  to  present 
a  mean  for  several  davs. 

1874 

18'.40 

2'.47 

5'. 62 

1.22 

12'. 78 

r.25 

to  avoid  the  uncertainty 
which    attaches    to    ex- 

1875 

29'. 80 

3'.02 

4'. 00 

0'.92 

25'.80 

2'. 10 

tremes.  Distance  be- 
tween gauges,  3  miles. 

1876 

32'. Of. 

3'. 02 

6'.80 

0'.87 

25'. 26 

2'. 15 

1877 

26'. 55 

2'. 47 

7'. 50 

0'.55 

19'.05 

1'.92 

1878 

25'.75 

2'. 55 

9'. 00 

0'.50 

16'.75 

2'.05 

1879 

21'. 15 

2'. 10 

7'.70 

0'.45 

13'.45 

1'.65 

1880 

.... 

.... 

• 

1881 

33'.65 

3' 21 

8'.60 

1'.08 

25'.  05 

2'. 13 

1858 

39'.98 

2'. 89 

.... 

.... 

By  flood  marks.  Distance, 
3^  miles. 

Another  iustauce,  strongly  in  contrast  to  that  at  St.  Louis,  is  found 
between  the  mouth  of  Ked  Kiver  and  CarroUton,  La.,  192  miles,  in  which 
no  bar  obstructing  navigation  exists.  The  range  of  fall  is  from  36  feet 
to  4.  The  variation  at  low  stages  is  from  11  feet  to  4,  and  this  proves 
that  shoals  varying  in  number  and  position  are  developed  and  again  re- 
moved. A  very  small  fall,  4  feet,  in  so  great  a  distance,  since  discharge 
is  always  considerable,  is  only  possible  when  the  channel  is  continuously 
deep.  A  large  fall,  11  feet,  in  the  same  distance  for  a  like  volume,  is 
only  possible  when  the  channel  is  broken  into  a  succession  of  pools. 
Indications  that  rise  and  fall  of  shoals  is  a  controlling  hydraulic  condi- 
tion are  therefore  found  at  all  parts  of  the  river. 

The  question  remains,  are  these  changes  great  enough  to  exercise  an 
important  influence  on  flood  discharge  ?  The  evidence  on  this  point  is 
direct  and  conclusive.  Depths  on  bars  have  been  noted  by  navigators 
and  gauges  have  been  read  by  reliable  observers.  Bringing  these 
together  for  two  bars  will  establish  the  fact  beyond  question.  The  bars 
taken  are  about  12  miles  apart,  with  an  unusually  narrow  piece  of 
river  between. 
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Vaeiation  in  Height  referred  to  Low  Water,  1879. 
Of  Bullerton  Bar.  Of  Island  No.  34  Bar. 

1874from4-4'.0to  — 3'.5range,  7'.5     from -fl'.O  to  4-13 '.2  range, 


1875 

1876 
1877 
1878 
1879 
1880 


+  3'.l  *'— 5'.0 
+  9'.3  "  — 2'.8 
+  7'.l  *'— 5'.0 
+  8'.8  '*— 4'.2 

—  5'.6  ''+4'.6 

—  5'.5  ♦'  4-3'.6 


8'.1  "  +2'.6   *'  4-  7'.8 

12M  "  +5'. 8   *'—  3'.6 

12'. 1  "  +0'.8   "—  6'. 7 

13'. 0  "  +7'. 8  "—  3'. 2 

10'. 2  "  +3'. 7  **  —  6'.0 

9'.1  "  4-  7'. 5  "—  6'.7 


range 

3,12'.2 

5'.2 

9'.4 

7'.5 

ll'.O 

9'.7 

14'.2 

.19'.9 

Extreme  vertical  range 14'. 3    Extreme  vertical  range 


The  following  is  an  exhibit  of  the  effects  of  cutting  out  at  Bullerton 
Bar  between  dates  : 

1875.  Oct.  6,  depth  6'. 5,  reference  of  crest  to  low  water,  1879 -j-3'.5 

'♦      Nov.  6,       "      6'. 5,  *'  "  «.  "    — 2'.1 

Cutting  down  of  bar  in  31  days 5'. 6 

1877.  Aug.  24,  depth  6'.0,  reference  of  crest  to  low  water,  1879. . .  4-  4'.  6 
"      Sept.   7,       "       6'. 5,         '*  '*  '*  "...  — 0'.8 

"  "    26,       "       5'. 5,         "  "  "  ♦*    ..._0'.4 

**      Oct.    10,      "       7'.0,         ''  *'  "  *«    ..._4'.3 

Cutting  down  of  bar  in  47  days 4'. 8 


1879.  Sept.  21,  depth  6'. 5,  reference  of  crest  to  low  water,  1879. .  — 1'.4 

♦'      Oct.    20,        "      6'. 5,         "  "  "  "  ..  —  4'.9 

Cutting  down  of  bar  in  29  days 3'. 5 

Several  of  the  years  named  in  the  foregoing  statement  were  not  flood 
years;  hence  the  filling  up  of  the  bars,  which  must  have  preceded  the 
cutting  out,  could  not  have  been  a  result,  direct  or  direct,  of  overflow. 

I  have  now  proven  that  the  rise  of  bars  is  a  notable  feature  in  river 
physics.  The  facts,  in  detail,  prove  that  the  two  bars  compared  rise 
and  fall  together  in  point  of  time,  but  unequally  in  amount ;  that  the 
changes  are  in  direct  relation  and  in  an  obscure  proportion  to  change  of 
stage.  The  rise  of  bar  is  also  proven  by  the  records  to  begin  long  before 
the  flood  reaches  the  stage  of  overflow,  and  to  continue  after  overflow 
has  ceased;  also  the  bar  crest  is  raised  higher  if   the  flood  continues 
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longer,  and,  conversely,  the  longer  low  stage  continues  the  more  the  bar 
crest  is  lowered. 

The  filling  and  scouring,  of  which  the  bar  changes  shown  above  are 
indications,  cause  the  shifting  channel  of  the  Mississippi  and  the  ever- 
varying  sand  bars. 

Geometric  relations  of  cross-sections  determine  the  fact  of  fill  or 
scour.  The  direction  of  currents,  together  with  the  source  and  character 
of  material,  controls  position  and  form. 

No  addition  to  the  height  of  natural  bank  can  bring  relief  to  the 
alternating  action  which  arises  from  varying  width,  but,  obviously,  just 
so  far  as  heightened  banks  and  concentrated  flood  volume  serve  to 
increase  the  velocity  and  scouring  power  during  floods,  they  provide  the 
material  for  greater  development  of  bars  both  in  height  and  extent. 

If,  now,  it  be  considered  that  the  Mississippi,  flowing  over  a  series  of 
bars  of  varying  height,  is  precisely  the  same,  except  in  stability  and 
size,  as  the  mill  stream  flowing  over  a  series  of  dams,  it  will  be  seen  that 
to  build  up  the  bars  or  dams  in  height  is  to  raise  the  river  in  its  bed. 
The  fact  that  man  builds  the  dam  stone  by  stone,  and  Nature  the  bars 
grain  by  grain,  does  not  afiect  the  result.  On  the  other  hand,  to  cut 
down  the  bars  in  height  is  to  lower  the  river  in  its  bed.  In  the  Missis- 
sippi abundant  facts  show  that  raising  the  bars  is  the  work  of  the  high 
stage,  and  the  higher  the  flood  the  higher  the  bars.  Cutting  out  bars  is 
the  exclusive  work  of  the  low  stage,  and  the  longer  the  low  stage  con- 
tinues the  more  complete  its  work.  These  offices  of  high  and  low  stage 
are  never  exchanged. 

With  the  rise  and  fall  of  the  bars  the  flood  plane,  or  the  height  on  a 
fixed  gauge  which  will  be  reached  when  a  given  volume  is  being  dis- 
charged, will  also  rise  and  fall,  just  as  the  flood  line  of  a  mill  stream  is 
raised  when  a  dam  is  built  or  lowered  when  one  is  taken  out. 

Dififerences  of  discharge  for  equal  heights  on  the  gauge  amounting 
to  hundreds  of  thousands  of  cubic  feet  per  second  have  been  measured. 
For  example,  at  Columbus,  Ky.,  on  April  2d,  1858,  stage  being  32 '.0 
feet,  discharge  was  989  850  cubic  feet  per  second.  On  July  1st  and  2d, 
after  the  flood  of  1858,  at  the  same  stage,  the  discharge  was  only  790  820 
cubic  feet.  The  difference,  199  030  cubic  feet,  is  one-fifth  of  the  larger 
quantity,  and  about  equal  to  the  greatest  known  discharge  of  the  Upper 
Mississippi  at  Rock  Island,  and  not  far  from  the  volume  of  the  recent 
Ohio  flood  at  Pittsburgh. 
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The  variation  of  height  on  gauge  for  equal  volumes  will  be  illustrated 
by  the  following  observations,  also  at  Columbus,  Ky. :  December  15th, 

1857,  discharge  was  1  061  480  cubic  feet  at  a  stage  of  29  feet ;  June  29th, 

1858,  when  discharge  was  1  090  010  cubic  feet,  the  stage  was  36'.  7,  or 
7'.  7  higher,  the  latter  after  the  passage  of  crest  of  the  third  flood  wave 
of  the  season.  Making  allowance  for  the  small  difference  of  observed 
discharge,  the  variation  in  height  was  at  least  7 '.5  feet.  Levees  7'. 5 
feet  high  would  be  accounted  important,  but  this  7'. 5  feet  is  only  a 
dijfference,  known  to  have  occurred,  of  the  height  required  to  contain  a 
volume  less  than  two-thirds  of  the  maximum  discharge  in  1882.  The 
figures  quoted  are  taken  from  Humphreys  and  Abbott;  later  observa- 
tions made  under  the  Commission  confirm  the  fact  of  enormous  dif- 
ferences. 

It  is  thus  made  very  plain  that,  so  long  as  one  has  no  means  of  know- 
ing to  what  height  bars  may  be  built  up  by  the  action  of  successive 
floods,  he  cannot  know  to  what  height  on  the  gauge  a  given  volume  of 
water  discharge  may  attain.  It  is  also  seen  that  the  reported  height  of 
flood  affords  no  measure  of  the  volume  discharged. 

In  order  that  floods  may  be  effectually  restrained  by  levees,  it  is 
essential  that  the  engineer  know  the  maximum  volume  of  water  to  be 
guarded  against,  and  also  that  he  be  assured  that  a  given  volume  will 
always  be  discharged  at  a  given  height.  Both  of  these  conditions  are 
wanting  to  a  successful  solution  of  the  Mississippi  problem  by  levees. 

Rise  of  bars  to  impede  flood  discharge  and  at  a  later  date  to  obstruct 
navigation  being  the  result  of  high  stage  action,  it  follows,  that  if  a  suc- 
cession of  floods  occur  without  a  prolonged  low  stage  interval  their 
effects  will  be  cumulative. 

Taking  the  known  history  of  the  Mississippi,  there  has  been  a  slow, 
but  decided  deterioration  of  the  navigable  channel;  therefore,  there 
must  be  a  slight  preponderance,  taking  seasons  as  they  come,  of  injuri- 
ous high  stage  action  over  the  restorative  low  stage  effort.  The  concen- 
tration of  flood  water  school  of  engineering,  represented  by  the  majority 
of  the  Commission,  would  add  to  the  energy  which  now  works  evil,  ex- 
pecting that  in  some  unexplained  way  evil,  when  intensified,  will  be 
transformed  into  good.  Another  school  of  engineering,  which  includes 
many  who  have  had  opportunity  and  inclination  to  study  the  facts, 
would  aim  to  take  a  portion  of  the  energy  now  working  on  the  injurious 
side  and  transfer  it  to  the  beneficial.     Though  modest  in  expectation  as 
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to  the  amount  which  can  be  transferred,  when  considered  as  a  propor- 
tion to  the  whole,  they  hope  to  change  the  preponderance,  and  so  put 
the  river  in  the  way  of  working  its  own  improvement,  instead  of  the 
present  deterioration. 

This  school  puts  forward  equalization  of  volume  as  a  fundamental 
principle  to  be  contrasted  with,  and  opposed  to,  concentration  of  flood 
volume,  and  also  to  dispersion  by  outlets. 

The  Mississippi  from  the  mouth  of  Red  River  to  the  Gulf  illustrate* 
the  results  of  a  partial  equalization  of  volume.  An  equalized  volume 
would  be  represented  by  the  ratio  1  : 1.  The  range  of  volume  in  the 
above-named  part  of  the  river  is  approximately  represented  by  the  ratia 
1  :  10.  There  is  but  one  grand  oscillation  from  low  stage  to  high  and 
return  in  a  year.  The  river  is  stable  in  position,  banks  cave  but  slowly, 
no  wide  places  develop,  and  the  channel  is  deep. 

Below  the  Ohio,  as  a  contrast,  the  ratio  of  volume  is  1:22.  There 
are  several  great  oscillations  in  a  year  ;  the  river  is  unstable  in  position, 
banks  cave  rapidly,  wide  places  abound,  and  shifting  bars  obstruct  the 
channel. 

The  equalizing  influences  which  produce  the  contrast  between  the 
two  localities  are  : 

1.  Elongation  of  flood  waves  in  some  relation  to  distance  traversed; 
that  is,  increase  of  flood  length  measured  by  time,  and  decrease  of 
height  measured  by  gauge,  as  distance  from  source  of  flood  increases. 

2.  The  influence  of  large  tributaries  whose  floods  do  not  coincide  in 
time  with  those  of  the  upper  river. 

3.  The  reservoir  influence  of  the  St.  Francis,  Yazoo,  Tensas  and 
smaller  swamp  basins,  also  the  absorption  of  overflow  water  by  the  soil, 
and  its  return  to  the  river  at  low  stages,  that  is,  the  rise  and  fall  of  the 
ground  water  line  over  thousands  of  square  miles. 

4.  The  depletion  of  flood  volume  by  outlet  channels,  of  which  the 
Atchafalaya  is  the  chief. 

The  application  of  the  concentration  of  flood  volume  principle  would 
diminish  the  first  of  these  by  compressing  the  flood  into  less  space  and 
time.  The  second  would  not  be  affected  at  all.  The  third  and  fourth 
would  be  entirely  suppressed. 

It  is  admitted  (see  Report  for  1883,  page  22),  that  the  range  of 
volume  in  the  lower  river  would  be  doubled  by  complete  leveeing  above 
and  below  Red  River  and  closing  the  Atchafalaya.     The  greatest  known 
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discharge  past  New  Orleans,  in  the  channel,  is  about  1  100  000  cubic  feet 
per  second;  at  mouth  of  Red  River  the  flood  of  1882  is  estimated  to  have 
reached  2  200  000  cubic  feet.  To  confine  such  a  flood  would  be  estab- 
lishing at  New  Orleans  the  ratio  1 :  20  now  found  near  the  Ohio,  and  so 
a  main  cause  of  caving  banks  and  shifting  bars  would  be  brought  by 
professed  works  of  improvements  where  it  does  not  naturally  exist. 

Fortunately,  the  second  equalizing  influence  is  beyond  the  reach  of 
interference,  and  the  frequency  of  oscillation  at  the  Ohio  cannot  be  car- 
ried to  the  lower  river,  but,  so  far  as  the  principle  operates,  it  willjtend 
to  destroy  the  present  favorable  conditions. 

This  part  of  the  river  presents  a  favorable  opportunity  to  test  con- 
centration of  flood  waters  by  levees,  both  by  the  facts  of  experience  and 
by  the  rigid  application  of  known  principles  to  the  comparatively  [sim- 
ple conditions  presented.  An  extended  discussion  is  the  more  pertinent 
since  the  Commission  has  fairly  stated  the  conditions,  and  has  plainly 
intimated  an  intention  to  diminish  the  discharge  of  the  Atchafalaya  and 
to  complete  the  levees  along  the  Tensas  front,  and  consequently  "  throw 
into  the  Mississippi  a  volume  in  excess  of  any  known  discharge."  They 
add,  page  22,*  "  While  this  increased  volume  would  undoubtedly]make 
*'  room  for  itself  by  ultimate  enlargement  of  section,  it  could  only^do  so 
"  by  the  work  of  scour,  the  resistance  to  which  would  be  indicated  and 
*'  measured  by  increased  slope  or  greater  elevation  of  surface  through- 
**  out  that  part  of  the  river  while  undergoing  enlargement." 

"  Such  additional  service  should  not  be  imposed  upon  a  region  in 
'*  which  have  been  adopted  the  measures  necessary,  under  existing  con- 
**  ditions,  for  protection  from  inundation,  without  due  preparation  for 
**  the  increased  height  which  will  be  given  the  floods." 

To  carry  out  this  view,  an  item  is  inserted  in  the  estimate,  page  21, 
for  levees  "  from  Red  River  to  forts  below  New  Orleans,"  279  miles. 
**  The  assumed  mean  height," now,  ''is  7  feet,  to  be  raised  to  9  feet. 
*'  Much  the  gi-eater  part  of  the  addition  would,  of  course,  be  made  to 
*'  the  upper  part  of  the  line."  The  proposition  is,  therefore,  to  build 
the  existing  levees  higher. 

The  stated  conditions,  pages  21  and  22,  are  : 

1.  "  This  section  of  the  river  is  in  a  state  of  much  greater  stability 
**  than  is  found  in  any  other  part  of  its  course  below  the  junction  of  the 
"Missouri." 

*  To  avoid  repetitions,  reference  to  the  report  for  1883  will  be  by  page  only. 


352  McMATH  ON  LEVEE  THEOBY. 

2.  **  At  a  short  distance  below  Red  River  it  becomes  narrower  and 
"  deeper." 

3.  "  It  has  been  leveed  throughout  for  a  great  many  years." 

4.  "  No  flood  complications  arise  here,  as  above,  from  the  return  of 
"  overflow  water  which  has  escaped  from  the  river  at  points  higher 
"up." 

5.  "  Its  bed,  enlarged  by  levees,  is  fairly  adapted  to  the  drainage 
*'  which  has  hitherto  been  imposed  upon  it.  By  enlarged  is  meant  in- 
"  crease  by  vertical  extension  of  the  containing  banks." 

6.  "  Gauging  at  CarroUton  in  1883  showed  that  the  river  was  only 
**  discharging  as  a  maximum  about  1  100  000  cubic  feet  per  second, 
"  while  those  at  Red  River  Landing  in  the  previous  year  showed  that 
**  double  this  volume,  or  2  200  000  feet,  found  its  way  down  the  valleys  of 
"  the  Mississippi  and  Red  Rivers." 

7.  To  the  above  I  add,  the  levees  are,  as  a  rule,  close  along  the  banks 
of  the  river. 

Complete  concentration  may  therefore  be  expected  to  double  the 
maximum  volume  now  flowing  in  a  practically  stable  channel,  and  in- 
volves first  and  necessarily  a  raising  of  flood  level,  to  be  held  in  control  by 
levees.  Without  making  any  statement  of  the  height  expected,  the 
Commission  makes  an  estimate  based  on  an  assumed  height  of  present 
levees,  and  an  assumed  mean  addition  of  2  feet.  The  reasonableness  of 
this  assumption  is  in  question,  as  is  set  forth  in  Gen.  Comstock's  separate 
views,  pages  25  to  29.  It  is  also  asserted  that  the  increased  volume 
*'will  undoubtedly  make  room  for  itself  by  enlargement  of  section,"  but 
without  any  consideration  as  to  how,  or  where,  this  enlargement  must 
take  place. 

Will  it  enlarge  the  section  ?  how  ?  and  where  ?  are  three  very  im- 
portant questions. 

In  considering  the  probable  increased  height  of  flood,  or  its  alternate, 
enlargement  of  bed,  it  is  not  only  a  fair,  but  the  only  possible,  course  to 
estimate  the  height  to  which  existing  levees  must  be  raised  in  order  to 
contain  the  whole  volume,  and  then  to  estimate  the  amount  of 
enlargement  that  must  take  place  in  order  that  the  increased  volume 
may  be  discharged  at  the  present  height  of  floods.  If  all  the  expec- 
tations of  the  Commission  are  realized,  the  final  outcome  will  be  a  condi- 
tion lying  somewhere  between  the  extremes  so  estimated. 

In  estimating  the  height  on  gauge  required  to  discharge  a  given 
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quantity,  no  better  way  is  known  than  to  apply  a  discharge  curve  de- 
termined by  actual  observation  at  the  locality.  Such  curves  are  avail- 
able at  the  mouth  of  Red  River,  and  at  Carrollton,  192  miles  below. 
Speaking  of  such  curves,  the  Commission  says,  page  17:  **  It  is  fairly  in- 
"  ferable  from  this,  that  if  the  conditions  under  which  a  certain  curve 
**  representing  the  increment  of  velocity  and  discharge  while  the  river 
*'  was  still  within  its  banks  was  developed,  were  continued,  the  form  of 
"  the  curve  throughout  its  upward  extension  would  be  maintained,  and 
**  that  the  additional  height  required  for  levees  to  restrain  maximum 
**  floods  would  be  less  than  that  computed  alone  from  a  consideration  of 
**  the  increase  of  volume." 

To  illustrate  what  the  Commission  means,  and  to  show  the  force  of 
the  begged  concession  which  I  have  italicised  in  the  above  quotation,  and 
for  this  once  propose  to  allow,  I  present  4  discharge  equations  for  the 
river  near  Carrollton,  and  also  refer  to  diagrams  3,  4  and  5,  Plate  XLV, 
representing  the  two  which  will  be  mentioned  last,  and  illustrating  their 
meaning  in  the  physical  problem  : 

1.  Is  an  equation  derived  by  Maj.  Charles  R.  Suter,  member  of  the 
Commission,  from  observations  selected  from  the  32  made  at  Labarre 
base,  above  Carrollton,  in  1880;  g  =  gauge,  reading  : 

Area  =  J[  =  1799  g  +  131209. 
Mean  velocity  =  t?  =  0.2832^  -f  1'.764. 
Discharge  =q  =  Av=  509.5  g^  +  40332  g  +  231453  (1). 

2.  Was  obtained  by  the  writer,  allowing  equal  weight  to  all  of  the  32 
observations : 

Area  =  2567  ^  +  129120. 
tj  =0.2931^ +  1.738. 
Discharge  =  752.4^2  _{.  ^2306  g  +  224410  (2). 

3.  Obtained  by  the  writer  from  all  the  148  observations  of  1883  at 
Cambronne  base  at  Carrollton  : 

^=1948^+149704. 
^  =  0.293^  +  1.222. 
Discharge  =  571.^^  _|_  46244  g  + 183000  (3) . 

4.  Derived  by  the  writer  from  the  first  20  observations  in  1883,  rep- 
resents the  conditions  existing  January  27th  to  February  28th    of  that 
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year,  when  the  river  was  not  only  within  its  banks,  but. the  velocity,  a» 
seen  in  diagram  4,  much  beyond  its  average  value.  The  section  above 
low  water  is  treated  as  a  trapezoid,  with  side  slopes  14  to  1,  extending 
indefinitely  upward  : 

A=Ug'^  +  2135  g  +  136430. 
V  =0.325,9 +  1.28. 
Discharge  Av  =  4.55  g^  +  711.8  g^  -(-47073  g  +  174630       (4). 

Assuming  that  all  the  estimated  discharge  in  1882,  2  200  000  cubic  feet 
per  second,  is  to  pass  Carrollton  between  levees  occupying  the  position 
of  those  now  existing,  the  heights  would  be  by — 

Equation  1 34 . 1  feet  on  gauge. 

2 30.3     " 

3 31.4     *♦ 

"        4 28.5    " 

By  equation  4  A  would  be  208  640  square  feet  and  v  10 .  54  feet  when 
^  =  28 . 5.     The  highest  stage  on  record  is  15.9  feet. 

Complete  concentration  on  the  hypothesis  of  stable  condition  of  bed, 
which  hypothesis  is  represented  by  the  area  equation  of  4,  would  there- 
fore raise  the  flood  plane  at  Carrollton  12.6  feet. 

At  Red  River  Landing  the  discharge  curve  for  the  same  volume  indi- 
cates a  rise  to  59 .8  feet,  or  11 .3  feet  above  the  flood  plane  of  1882. 

If,  now,  it  be  supposed,  contrary  to  the  teaching  of  the  diagrams  and 
of  all  other  observed  data,  that  the  capacity  of  the  bed,  which  is  quite 
another  thing  than  enlarged  area,  will  enlarge  so  that  the  increased 
volume  will  pass  without  raising  the  flood  plane,  taken  as  at  16  feet  on  the 
Carrollton  gauge,  there  is  no  reason  to  expect  a  materially  greater  mean 
velocity  than  is  now  found.  Using  equation  2  (the  most  favorable  to 
levees  of  those  allowing  for  variable  section),  present  area  at  Labarre 
base  at  16'  stage  would  be  170  250  square  feet;  mean  velocity,  6,42  feet 
per  second,  and  mean  depth  64  feet.  Allowing  that  when  discharge  be- 
comes 2  200  000,  V  will  become  7 .  33  feet,  an  area  of  300  000  square  feet 
will  be  required,  or  about  77  per  cent,  increase.  Since  depth  is  already 
64  feet  as  a  mean,  there  is  slight  ground  to  expect  material  deepening, 
but,  if  we  allow  that  mean  depth  ^may  become  75  feet,  the  width  must 
increase  from  2  700  feet,  as  now,  to  4  000,  a  widening  of  one-fourth  mile. 
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Take  the  possible  alternatives,  unchanged  bed  and  added  height,  or 
unchanged  height  and  bed  enlarged,  and  which  would  be  preferred  ? 
Or  take  any  possible  intermediate  condition,  and  who  would  desire  it  ? 

But  the  above  is  still  an  incomplete  view.  It  is  only  an  attempt  to 
answer  how  much  change  would  be  involved  in  the  project.  The  man- 
ner how  and  place  where  of  change  remain  to  be  considered.  (In  what 
follows,  reference  to  any  particular  volume  of  flood  discharge  is  dropped. ) 

It  is  apparent  that  to  attain  the  condition  under  consideration,  an 
enlarged  bed  and  unraised  flood-line,  there  must  be,  to  provide  enlarging 
force,  a  previous  complete  retention  between  levees  up  to  some  high 
standard,  and  those  levees  must  be  much  higher  than  those  now  existing, 
consequently  costly  to  construct  and  maintain,  and  always  dangerous. 

So  far  as  the  portion  of  river  under  consideration  is  concerned,  we 
may  conceive  the  concentration  as  effected  at  Red  River,  that  is,  the  force 
which  is  to  make  the  enlargement  attains  its  full  development  at  that 
point.  The  work  to  be  done  lies  along  the  whole  295  miles  to  the  Passes, 
and  thence  to  the  Gulf,  and  must  be  begun  at  the  mouth  of  the  river, 
and  progress  up  stream  ;  for  no  principle  of  practical  engineering  is 
more  firmly  established  than  that  if  one  would  clear  out  or  enlarge  an 
open  water-course,  by  utilizing  the  current  both  for  excavation  and 
transportation,  he  must  begin  at  the  lower  end.  Otherwise,  he 
must  drive  an  ever-increasing  mass  of  material  before  him,  and  to  do  so 
must  carry  the  head,  or  height  of  flood,  along  with  the  work.  This  is 
impracticable;  therefore  a  prime  condition  of  successful  enlargement  is 
that  the  body  of  water  be  carried  to  the  proper  point  of  application,  and 
that  it  shall  not  begin  its  erosive  action  until  it  arrives  there.  Levees 
may  be  built  high  enough  and  strong  enough  to  convey  the  water,  bat 
no  device  or  foresight  can  secnre  that  erosion  will  not  be  begun  too 
soon. 

Is  further  illustration  needed  ? 

River  men  care  little  what  may  be  occurring  at  the  head  of  a  channel 
or  chute,  but  if  it  be  enlarging  or  deepening  at  the  foot,  they  expect  an 
opening  clear  through.  If  it  fill  at  the  foot,  its  closure  is  sure.  So  in 
attempted  or  threatened  cut-offs.  Scour,  as  the  water  leaves  the  upper 
bend,  is  of  no  consequence,  except  to  make  a  fill  on  the  neck  and  defer 
the  cut-off,  but  if  a  drain  opens  and  enlarges  at  the  lower  bend,  the  cut- 
off is  certain  to  be  made.  The  argument  advanced  by  the  Commission 
itself  against  outlets,  in  the  report  of  March,  1880,  that  a  delta  will  be 


356  McMiTH  ON  LEVEE   THEOEY. 

formed  in  front  of  an  outlet  from  the  material  carried  out  (and  the  more 
qiiickly  as  the  enlargement  at  the  upper  end  is  greater  to  furnish  ma- 
terial, Cubitt's  Gap,  for  example),  is  a  good  description  of  what  would 
occur  in  a  channel  enlarging  from  above. 

The  manner  of  enlargement  is  therefore  a  very  important  matter,  and 
one  which  cannot  be  answered  for. 

The  place  of  enlargement,  at  the  bottom  or  sides  of  the  original 
•channel,  is  also  something  that  should  be  known  before  entering  upon 
such  a  project.  I  have  already  made  a  hypothetical  distribution  of  it 
between  lateral  and  vertical  scour,  assuming  no  more  than  that  an  action, 
equally  free  in  several  directions,  will  be  distributed  with  approximate 
uniformity.  This  is  more  than  fair  to  levees;  for  banks  and  bottom, 
while  practically  alike  in  being  unprotected  and  unprotectable,  and  one 
might  say  in  material  also,  present  an  important  difference.  Clay 
layers,  when  at  the  bottom,  effectually  resist  abrasion  by  currents,  but 
when  exposed  endwise,  in  a  vertical  caving  bank,  retard  abrasion  but 
little  by  their  presence.  (Humphreys  and  Abbott  were  not  mistaken  as 
to  the  existence  of  clay  at  the  bottom  of  the  river,  but  were  as  to  the 
continuity  and  geological  age  of  the  clay. ) 

The  existence  of  clay  layers  establishes  a  strong  probability  that,  of 
a  given  enlargement,  a  great  part  will  be  obtained  by  widening.  If  any 
lateral  erosion  takes  place,  the  levees  now  standing  along  the  margin  of 
the  river  must  be  broken,  and  no  one,  in  the  face  of  the  amount  of  en- 
largement required,  can  say  that  they  will  be  safe  in  any  part.  The 
levees  required  to  effect  complete  retention  cannot,  therefore,  be  on  the 
base  now  occupied,  but  a  new  system  must  be  constructed  far  inland. 

I  make  no  i)oint  here  of  the  fact  that  most  of  the  buildings  and  the 
most  valuable  lands  are  close  along  the  banks,  and  so  endangered,  if  not 
devoted  to  destruction,  by  such  a  project.  Nor  do  I  care  about  the  cost 
of  building  such  levees.  Neither  is  it  now  material  whether  the  enlarge- 
ment at  any  locality  is  likely  to  be  wholly  by  widening  or  by  deepening. 
My  one  question  is  :  What  disposition  will  be  made  of  the  material 
scoured,  over  25  million  cubic  yards  to  the  mile  of  river,  and  what  will 
be  the  manner  of  its  transport  to  its  final  position  ? 

An  answer  to  this  question  is  not  difficult.  A  volume  of  material 
equal  to  that  of  the  enlargement  must  find  its  way  to  the  sea,  but  in  the 
movement  there  is  every  reason  to  expect  that  many  times  that  volume 
will  be  disturbed,  torn  down   and  built  up  again,  until  by  repeated 


McMATH   ON  LEVEE   THEORY.  357 

selections  of  the  more  easily  transportgd  material,  the  quantity  is 
obtained. 

For  it  is  absolutely  certain  that  so  long  as  the  river  follows  a  tortuous 
course,  its  depth,  both  longitudinally  and  transversely,  will  be  very 
unequal ;  and  with  equal  certainty  the  heavier  material,  whether  coming 
from  local  scour  or  brought  from  above,  will  not  be  carried  continuously 
to  the  Gulf  ;  but,  as  the  swiftest  current  sways  from  one  side  of  the  bed 
to  the  other,  the  coarse  and  heavy  particles  will  fall  to  the  bottom. 
Granting  that  for  every  particle  so  falling  an  equal  volume  of  lighter 
material  is  taken,  there  must  be  an  accumulation  of  coarse  matter  at 
the  bottom  on  crossings  and  at  convex  sides  of  bends.  Erosion  pro- 
duced by  concentration  will  therefore  be,  just  like  what  is  daily 
seen,  located  at  the  concave  sides  of  bends,  on  both  sides  at  straight 
places,  and  always  resulting  in  increase  in  width  at  the  latter,  at  the  ex- 
pense of  depth.  These  processes,  when  begun,  have  no  assignable 
limit;   stable  conditions  have  then  given  place  to  permanent  instability. 

The  stable  conditions  now  prevailing  in  this  part  of  the  river  are  the 
result  of  a  partially  equalized  volume,  that  is,  moderate  range,  10  to  1 , 
between  maximum  and  minimum  volume,  and  infrequent  changes  from 
one  extreme  to  the  other,  and  those  occurring  brought  about  gradually. 
Concentration  of  flood  waters  by  levees  would  increase  the  ratio  of  ex- 
tremes, and  make  the  changes  follow  those  of  the  great  tributaries, 
which  would  increase  the  number  and  rapidity  of  fluctuations. 

Concentration  of  flood  water  by  levees  is  therefore  proven  to  be  a 
dangerous,  yea  a  destructive  expedient,  in  every  aspect  in  which  it  can 
be  viewed,  when  applied  to  that  portion  of  the  river  which,  by  affording 
freedom  from  complication,  is  best  adapted  to  it,  if  it  were  beneficial ; 
failure  here  is  failure  everywhere.  If  the  proof  was  less  conclusive,  and 
left  a  chance  that  it  might  be  beneficial,  we  would  still  have  the  common 
sense  question— Why  disturb  established  favorable  conditions  for  a  bare 
chance  that,  in  a  readjustment,  something  more  favorable  may  turn  up  ? 

I  have  presented  overwhelming  proof  against  levees,  as  applied  to 
this  section.  On  the  other  side,  though  * '  it  has  been  leveed  throughout 
"  for  many  years,"  the  best  that  could  be  said,  after  diligent  study  of  the 
subject,  was:  "There  is  no  evidence  that  the  normal  flood-line  of  the 
"  Mississippi  Kiver,  from  Ked  Eiver  to  the  head  of  the  Passes,  except 
"  where  affected  by  cut-offs,  is  a  fraction  of  an  inch  higher  now  than  in 
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*'  1717,  before   the  commencement    of  the  levee  system,  but  there  is 
"  evidence  that  it  is  not  higher."* 

By  facts  and  reasoning,  I  have  now  tested  the  levee  theory,  and  have 
shown  its  danger  when  applied  to  a  particular  part  of  the  river.  Not 
less  pernicious  would  it  be  elsewhere  in  just  about  the  degree  of  concen- 
tration, or  augmented  maximum,  and  increased  frequency  of  flood. 

*  G.  W.  R.  Bayley,  in  Trans  Am.  Soc.  C.  E.,  No.  CXXI,  quoted  by  Committee  on  Levees 
and  Outlets,  Miss.  Riv.  Com.  Rep.,  1881,  page  123. 
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Read  at  the  Annual  Convention,  June  10th,  1884. 


WITH  DISCUSSION. 


As  many  errors  have  been  observed  in  statements  of  the  rainfall  on 
the  Cochituate  water-shed,  the  writer  has  been  induced  to  make  the  fol- 
lowing analysis,  taken  from  the  oflScial  records.  The  water  from  Lake 
Cochituate  was  first  used  for  the  supply  of  the  city  of  Boston  in  1848, 
but  it  was  not  until  1852  that  a  continuous  series  of  observations  on  the 
rainfall  was  begun. 

The  standard  gauge  used  is  one  with  a  diameter  of  14.85  inches,  in 
which  1  inch  of  rain  weighs  100  ounces.  The  results  are  obtained  by 
weighing  after  each  storm. 

The  elevation  of  the  gauge  is  21  feet  above  the  ground. 

The  table  given  herewith  contains  the  monthly  amounts  in  each  year, 
with  a  division  into  seasons,  and  from  this  table  all  the  data  contained 
in  the  diagrams  are  obtained : 
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Table  of  Rainfall — Lake  Cochituate. 


>> 

a 

i-s 

1852 

5.80 

1.76 

4.42 

1853 

3.68 

6.56 

2.92 

1854 

2.45 

5.16 

4.16 

1855 

4.52 

3.50 

1.91 

1856 

1.44 

0.22 

0.66 

1857 

2.51 

1.30 

1.72 

1858 

2.61 

3.32 

3.87 

1859 

5.61 

2.91 

10.95 

1860 

1.24 

3.80 

1.98 

1861 

2.51 

3.81 

2.75 

1862 

7.82 

1.08 

4.18 

1863 

4.10 

4.38 

3.57 

1864 

3.37 

0.98 

8.44 

1865 

4.99 

4.45 

5.48 

1866 

1.44 

5.80 

3.92 

1867 

2.76 

5.40 

5.65 

1868 

3.70 

1.18 

2.51 

1869 

3.71 

7.07 

7.5:i 

1870 

7.85 

4.68 

6.04 

1871 

1.31 

2.30 

5.02 

1872 

1.86 

1.37 

3.06 

1873 

4.24 

2.43 

3.98 

1874 

2.96 

2.90 

1.19 

1875 

2.42 

3.15 

3.74 

1876 

1.83 

4.21 

7.43 

1877 

3.19 

0.53 

7.79 

1878 

5.77 

5.93 

4.20 

1879 

2.00 

3.05 

3.90 

1880 

3.07 

4.05 

2.83 

1881 

5.56 

4.43 

4.79 

1882 

5.93 

3.96 

2.76 

1883 

2.88 

3.59 

1.76 

Av. 

3.60 

3.41 

4.22 

ft 


9.60  2.60 


3.80  6.32 


5.60 
2.65 
4.27 

10.23 
4.39 
1.37 
2.25 
6.44 
1.85 

11.34 
4.02 
2.18 
1.94 
2.13 
5.61 
2.57 
8.81 
2.29 
1.74 
2.69 


3.92 
0.82 
7,81 
7.15 
2.23 
3.46 
1.98 
3.12 
2.71 
2.66 
2.84 
8.25 
6.46 
6.46 
8.12 
7.59 
3,14 
5.66 
3.24 
3.24 


6.363.40 


3.23 
3.24 
3.24 
5.63 
4.69 
2.94 
1.71 
1.89 
2.27 


4.16 


3.56 
2.80 
3.73 
0.83 
1.20 
2.03 
3.18 
4.73 
3.95 


4.04 


2.00 
0.56 
2.08 
1.98 
1.77 
4.02 
10.17 
3.16 
11.16 
2.64 
6.58 
1.98 
0.58 
0.91 
4.80 
2.95 
2.95 
3.68 
4.05 
5.96 
4.27 
0.38 
4.79 
6.24 
1.60 
2.64 
3.33 
4.14 
1.25 
4.83 
1.87 
1.81 


3.47 


2. It 
2.84 
2.32 
3.86 
1.76 
8.85 
3.46 
0.99 
6.82 
1.62 
6.54 
14.12 


8.27 
7.20 
0.28 
0.77 
11.40 
6.62 
G  42 
7.69 
4.89 
7.79 
1.43 
5.61 


3.12II6.62 


6.59 
2.34 


2.043.40  2.76 
5.444.565.26 
3.68  3.37i7.79 
0.75  4.16'4.84;5.20 
3.13  2.341.43  4.57  12.74 
4.27J.06  3.07  6.30  19.10 
5.17  2.12  2.91  1.99  10.49 


13.04 

13.68 

5.38 


12.43 
10.60 
4.68 
6.61 
14.93 
19.49 
20.05 


4.56  0.33  3.55  4.41 
9.92'l.72  5.97  3.71 


15.78  11.84 
6.2122.87 


8.20  10.68 
15.26  16.83 


14.84 
9.75 
6.90 

14.40 

10.20 
8.44 

17.61 


9.95 
13.22 

6.23 
10.11 

7.92 
12.96 

8.75 


1.06    3.56 


2.76  3.20  6. 20:2.60, 12. 31;12.05|12. 16;  8.92 
2.62|4.837.69j2.36;  8.74 
3.39  4.56  8. 54'5. 05  17.57 


1.52  6.50  5.45 


3.10    3.36  1.66  6.99  4.78 
13.35    3.98  8.36  3.43  4.52 


5.36  12.36  1.08  7.27 
2.16  7.38  7.6911.19 
2.63  2.34  8.49  9.50 
3.10J  2.030.64  7.96 
2.20!  3.561,46  5.38 


5.55 
4.08 
3.16 
3.57 
9.49 
2.77 
3.47 
3.38 
7.00 
2.78 
3.49 
2.88 


4.37 


9.76 
7.17 
4.83 
5.53 
2.19 
3.35 
6.94 
6.43 
3.81 
1.13 
1,14 
0.39 


4.99 


6.29 
2.6i 
1.55 
3.43 
3.98 
0.46 
1.12 
1.74 
1.69 
2.13 
9.20 
1.31 


3.57 


3.69 
6.11 
1.04 
4.85 
2.00 
8,14 
5.15 
0.90 
2,95 
2.87 
2,22 
5.16 


4.22 


2.63 
6.77 
3.26 
4.40 
7.01 
4.22 
4,54 
2.05 
4.83 
6.59 
6.94 
6.09 
2.98 
1.70 
3,85 
0.93 
2.06 


4.55 


4.2815.30 
3.31il5.91 
4.32,12.32 


14.55 

21.7) 

5.20 

7,37 

22.13 


1.90114,54  20.67 
0.45116,24  12.49 


5.98 
3,19 
3.24 
3.42 
3.95 


8.65 

9.18 

11,72 


17,68 
17,99 
12,97 
8.04!l9.58 
9.9111.63 
1,70:10.95  12.78 
0,94  10.5315,34 
3,13!13.47  13,28 


1.02 
5.12 
3,60 
2,56 


14.76    8.76 

10.6613.74 

9.7913.95 

7.80  12,06 

I 
3.83    9.68;  8.74 

[  I 

2.17J  9.38    6.50 

3.14    7.98    5.08 


3.42  12, 42  12. 83 


15-14 

16.49 

13.47 

13.43 

16.31 

10,98 

15.65 

21,25 

13,00 

13.85 

14.20 

13.27 

4.64 

13.11 

12.57 

15.54 

12.36 

5.62 

6.34 

8.85 

12.35 

8.53 

12.33 


11.26 
13.53 
8.63 
12.75 
11.56 


47.93 
55.73 
43.15 
34.96 
40.80 
63.10 
48.66 
49.02 
55.44 
45.44 
49.69 
69.30 
42.60 
49.46 
62.32 


10.06  56.25 
5.33  49.71 


16.76 

15.72 

6.85 

6.65 

10.62 

7.56 

6.51 

9.17 

4.74 

16,82 

8.65 

9.68 

13.82 

12.06 

9.61 


10.44 


64.34 
55.89 
45.39 
48.47 
45.43 
35.93 
45,49 
48,49 
43.80 
53.58 
38.01 
35.88 
41.09 
40.29 
31,20 
48.02 
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The  same  method  of  analysis  has  been  pursued  as  that  adopted  by 
Mr.  Chas.  A.  Schott  in  his  excellent  treatise  on  the  rain  and  snow  in  the 
United  States,  published  among  the  **  Smithsonian  Contributions  to 
Knowledge." 

The  monthly  averages  for  the  whole  period  of  32  years  at  Lake  Co- 
chituate  are  as  follows: 

Monthly  Avekage  Rainfall — 32  Years. 


January. ... 
February. . . 

March 

April 

May 

June 

July 

August 

September., 
October. . . . 
November. . 
December. . 


3.60 
3.41 
4.22 
4.16 
4.04 
3.47 
4.37 
4.99 
3.57 
4.22 
4.55 
3.42 


These  averages  are  plotted  graphically  in  the  following  diagram  : 


il 1 tt~-& ^sc-— li ^1-      5        S  ~     S^  ..rs     -:p£|L- 

t  jk                                                                                                   -              1  1      -; — L    

a^™                                                                                                                    -                                                                                                                       ^                   .       ..L_         _                 1       1      1 

X-|gi J  ~~t: it i—--^--] +-• 

HrMTTrr  Ml    rrHi44=W  1            1  nTnTrTT 1 1  mTriTlTr  i      N 

«j                -               — ...       -                -    -i-_                       -J-  ^ 

' -          -                       "            _^ 

•a                                                            ..---.                                                                                                                                          . 

'  "  " 

-            ^                                                                                                                           1                                                     _ 

I-U44-— i :::::: --\ UUi 
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which  gives  to  the  eye  the  relative  values  of  the  different  months  better 
than  in  the  form  of  a  continuous  profile. 

If,  however,  it  is  wished  to  trace  the  progress  of  the  annual  fluctua- 
tion in  the  rainfall,  it  can  be  done  by  a  profile  of  the  following  form, 
which  contains  the  same  results  as  diagram  No.  1; 


^ ^ ~ ^ ^-^_..^=_  =  =  =  . =  L^_^ 

tl         1          tn        /v        r1         iV         J         t\         ii         ()        It         I)  "      »h 

fijft 

enw                                                                          p^             ^ 

^^     ^^t 

<<''                    ^                                                ---'!^ 

^ y'^              IK                 ^-'         ^. 

I                  i>f      k-H-hJ            yf             \       \y\          pi 

/f                             -^^        -7                       >^  J^                    ^^ 

^                                                                             ^'^T'                                                               ^'^                                                          \ 

1 — U_^4 , 1 — 1 ^ \a ^ 

As  will  be  seen,  the  period  of  low  rainfall  is  in  the  winter  months, 
while  the  month  of  maximum  rainfall  is  August.  June  and  September 
are  months  of  low  rainfall,  and  there  is  a  rise  in  the  profile  during  the 
spring  months  and  late  in  the  autumn. 

That  the  variation  in  the  distribution  of  the  annual  rainfall  is,  how- 
ever, not  very  great  in  amount,  may  be  seen  by  an  inspection  of  the 
rainfall  occurring  in  the  four  seasons  of  the  year: 

Spring   gives   12.42   inches. 
Summer     "      12.83 
Autumn     "      12.33 
Winter       "      10.44        " 

The  question  now  arises,  is  this  distribution,  indicated  in  the  above 
diagrams,  a  permanent  one,  or  is  it  accidental  only  ? 

An  examination  of  the  records  of  precipitation  along  the  entire  coast 
from  Portland  to  Washington  will  show  a  decided  maximum  during  the 
summer  months  and  a  minimum  in  winter.  If  Mr.  Schott's  type-curve 
for  the  Atlantic  seaboard  be  compared  with  the  Cochituate  profile,  it 
will  be  seen  that  they  agree  very  closely.  The  opposite  of  this  is  true, 
however,  for  the  Pacific  coast,  when  the  maximum  occurs  during  the 
winter  and  the  minimum  in  summer. 

The  following  table  gives  the  ratios  of  the  observed  monthly  averages 
to  the  mean  monthly  rainfall.  It  is  obtained  by  dividing  each  monthly 
average  by  the  average  monthly  amount  or  mean  for  the  whole  period: 
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Katios  of  OBSER^^:D  Monthly  to  Mean  Monthly  Rainfall. 


January. . , 
February. . 
March  . . . 

April 

May 

June 

July 

August.. . . 
September 
October. . . 
November. 
December. 


PCT 

cent 

90 

85 

05 

04 

01 

87 

09 

25 

89 

05 

14 

85 

Diagram  No.  3  gives  these  results  in  a  graphical  form : 
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and  if  a  comparison  is  desired  between  tlie  periods  of  ten  years  and  the 
whole  period,  it  may  be  done  in  terms  of  the  monthly  average  by  means 
of  the  following  table: 

Table  of  Monthly  Values  in  Teems  of  the  Monthly  Average. 


1852-1861 


January 80 

February 89 

March 88 

April 126 

May 98 

June 98 

July 86 

August 152 

September 103 

October 80 

November 109 

December 101 


1862-1871 . 

1872-1881. 

90 

91 

82 

88 

115 

118 

95 

98 

119 

75 

76 

92 

118 

124 

100 

140 

81 

69 

127 

104 

121 

121 

75 

81 

For  purposes  of  comparison  with  other  places,  it  will  be  of  interest 
to  express  the  monthly  values  in  terms  of  the  annual  rainfall. 

The  average  rainfall  in  the  Lake  Cochituate  district  has  been,  for  the 
32  years  under  consideration,  48.02  inches.  Dividing  the  monthly 
averages  by  this  amount,  and  shifting  the  decimal  point,  the  following 
values  are  arrived  at,  first  for  the  whole  period,  and  then  for  periods  of 
10  years  from  1852: 
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1852-1883. 

1852-1861. 

1832-1871. 

1872-1881. 

January 7.5 

February 7.1 

March 8.8 

April 8.7 

May 8.4 

June 7.2 

July 9.1 

August 10.4 

September. ...       7.4 

October 8.8 

November. ...       9.5 
December. ...       7.1 

6.7 
6.7 
7.3 

10.5 
8.1 
8.1 
7.2 

12.6 
8.6 
6.7 
9.1 
8.4 

7.5 

6.8 
9.6 
7.9 
9.9 
6.3 
9.8 
8.4 
6.8 
10.6 
10.1 
6.3 

7.5 

7.4 

9.8 

8.2 

6.3 

7.7 

10.4 

11.7 

5.7 

8.6 

10.0 

6.7 

The  following  diagram   contains  these  values,   the  full  line   being 
the  average  for  the  whole  period  and  the  dotted  lines  the  decades: 
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A  (lursory  examination  of  this  diagram  will  show  the  persistency  of 
the  maximum  and  minimum  tendencies  already  referred  to.  The  winter 
amounts  agree  remarkably  well,  even  when  the  whole  time  is  thus  divided 
into  decades.  It  will  be  noticed  that  the  spring  maximum  is  likely  to 
occur  in  either  of  the  spring  months,  and  that  the  profiles  all  sink  in 
the  early  summer  and  early  autumn. 

It  is  probable  that  this  monthly  distribution  will  be  somewhat  modi- 
fied by  a  period  of  longer  observation.  Treating  the  observed  values 
by  an  analytical  process*  of  computation,  we  shall  get  a  curve  in  which 
the  irregularities  are  modified.  According  to  Sir  John  Herschel,  the. 
elements  may  be  considered: 

1st.  Independent  of  the  others  (or  the  mean). 
2d.  The  extent  and  law  of  its  deviation  from  that  amount. 
3d.  Their  mutual  interdependence,  or  the  reaction  of  each  element 
on  the  rest. 

The  following  is  the  formula  as  used  by  Mr.  Schott :  f 

R  =  A-\-B,  sin.  {G -{- C^)  +B^  sin.  (204-C2)  +  ^3  sin.  (Se-f-Cs)  + 
in  which 

R  =  rainfall  in  inches  for  any  one  month. 

A  =  mean  monthly  amount. 

By,  B2,  ^3=  the  parameter  of  its  fluctuations  for  periods  of  1,  ^,  and 
i  year. 

G  =  arc  proportional  to  time  and  inversely  proportional  to  the  period 
(360°)  or  30O  for  one  month. 

Ci,  C>2,  C-s  =  angular  constants  having  reference  to  the  epochs  of  their 
respective  periods. 

Applying  the  above  formula  to  the  observed  monthly  averages,  we 
obtain  the  following  diagram: 


*  Bessel's  circular  function. 

t  See  Appendix  to  Coast  Survey,  1876,  No.  22  ;   also  article  on  Meteorology  in  the  eighth 
edition  Encyclopedia  Britannica. 
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As  it  maj  be  of  interest  to  compare  the  Cochituate  records  with 
neighboring  districts  in  which  the  rainfall  has  been  observed  for  long 
periods,  the  following  diagrams  have  been  prepared,  Plates  XL VI  and 
XL VII,  showing  the  monthly  distribution  above  and  below  the  mean 
for  Lake  Cochituate,  Boston,  New  Bedford,  Providence,  Gardiner  and 
New  York.  All  but  the  New  York  observations,  which  are  from  Dr. 
Draper's  excellent  reports,  are  from  the  Smithsonian  Tables,  second 
edition. 


Fluctuations  in  the  Annual  Rainfall. 

The  remaining  diagrams  give  the  annual  rainfall,  first,  in  inches, 
Plate  XL VIII,  and  second,  in  ratios  to  the  mean,  Plate  XLIX.  The 
period  is  almost  too  short  from  which  to  draw  inferences  in  regard  to 
any  secular  change.  It  is  very  commonly  believed  that  the  rainfall  is 
decreasing,  as  the  forests  are  cleared,  and  the  diagrams  show  the  last  ten 
years  to  be  years  of  very  low  rainfall,  much  below  the  mean;  but  previous 
to  1873  no  such  deductions  can  be  drawn  from  the  profile.  An  inspec- 
tion of  longer  periods  in  other  places  does  not  reveal  any  decided  perma- 
nent change  one  way  or  the  other.  The  fluctuations  in  the  annual  rain- 
fall are  very  irregular,  and  may  or  may  not  be  subject  to  some  regularity 
of  distribution. 
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PLATE  XL VI. 
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PLATE  XL VII. 
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PLATE  XL VIII. 


ANNUAL  RAINFALLI852-I883  IN  INCHES 
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PLATE  XLIX. 


ANNUAL  KAINFALL,  1852-1883,  IN  PERCENTAGE  OF  THE  MEAN. 
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DISCUSSION. 

Egbert  FiiETCHEK,  Assoc.  Am.  Soc.  C.  E. — I  would  like  to  present 
one  or  two  facts  coming  to  my  notice  on  this  subject,  not  in  immediate 
connection  with  the  rainfall  on  the  Atlantic  coast,  but  in  the  upper  Con- 
necticut valley.  I  am  at  present  located  at  about  midway  up  the  Con- 
necticut River  on  the  New  Hampshire  line,  and  have  been  investigating 
recently  the  record  of  rainfalls  since  1836.  I  have  found  a  fact  which 
has  a  bearing  in  connection  with  the  recent  discussions  as  to  the  varia- 
tions in  amount  of  rainfall  in  different  parts  of  the  country.  The  results 
collected  for  twenty  years,  from  1835  to  1854,  show  an  average  rainfall 
of  about  41  inches  for  that  part  of  the  Connecticut  valley.  Mr.  Schott's 
statistics  and  curves  show  that  the  curve  of  rainfall  on  the  Connecticut 
valley  makes  a  decided  bend  up  the  valley.  I  do  not  know  as  there  is 
any  theory  to  account  for  it ;  but  it  is  a  fact  that  in  part  of  the  valley 
the  rainfall  is  greater  than  that  east  or  west  of  the  valley,  on  the  same 
latitude.  The  period  from  1863  to  1884  shows  a  diminution  of  nearly  one- 
fourth  in  the  annual  rainfall ;  this  second  period  of  twenty  years  is  sep- 
arated by  an  interval  of  ten  years  from  the  first  just  referred  to.  These 
data  were  collected  with  great  care.  The  data  for  the  first  twenty  years 
by  Professor  Young,  who  was  a  very  careful  man,  and  the  data  for  the 
last  twenty  years,  from  1863  to  1884,  have  been  collected  at  the  observa- 
tory. There  have  been  a  few  failures  to  take  the  observations  during 
the  dry  season,  but  as  near  as  we  could  get  at  the  figures,  which  are 
substantially  correct,  the  average  for  the  first  period  of  twenty  years  was 
about  41  inches.  The  average  for  the  second  period  of  twenty  years 
would  scarcely  touch  31  inches.  But  bearing  in  mind  the  fact  of  the 
clearing  of  the  forests  in  the  upper  portion  of  and  throughout  the  valley, 
this  fact  regarding  the  rainfall  may  have  some  bearing,  which  will  be 
developed  in  time. 

Clemens  Hekschel,  M.  Am.  Soc.  C.  E. — I  think  it  is  well  not  to  be 
alarmed  in  the  matter  of  rainfall,  especially  not  about  the  effect  thereon 
of  the  removal  of  the  forests.  As  the  gentleman  has  spoken  in  reference 
to  the  upper  Connecticut  valley,  I  will  say  that  I  belong  to  that  valley 
myself,  and  that  I  have  explored  it  throughout  its  entire  length.  The 
point  I  wish  to  call  attention  to  is  simply  this  :  that  when  ordinarily  we 
hear  about  the  forests  having  been  chopped  off,  or  the  country  having 
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been  denuded,  the  truth  of  the  matter  will  be  found  not  to  allow  of  any- 
such  expression  being  used,  because  the  term,  "  the  wood  is  all  chopped 
off,"  is  applied  by  the  lumbermen  as  soon  as  they  have  chopped  off  all 
the  white  pine  and  all  the  spruce  ;  but  the  forest  remains  there,  and  the 
appearance  of  the  country  is  precisely  the  same,  and  it  is  practically  in 
the  same  shape  it  was  before.  The  country  is  covered  with  forests,  when 
the  stranger  may  hear  the  lumbermen  talking  about  having  no  forests. 
There  are  the  yellow  birch  and  the  white  birch,  and  the  maple  and  the 
rock  maple,  and  all  those  hard-wood  trees  which  cannot  be  rafted,  and 
therefore  are  not  chopped  down,  to  say  nothing  about  the  underbrush, 
which  is  a  potent  factor  in  equalizing  the  flow  of  the  rainfall  from  a 
certain  district.  The  facts,  as  given  this  morning,  are  somewhat  in- 
structive on  these  points.  Mr.  Moore  mentioned  that  the  highest  flood 
at  St.  Louis  was  in  1844,  before  there  was  any  claim  that  the  rainfall  was 
being  affected  by  the  removal  of  forests,  or  that  the  chopping  of  the 
forests  produced  the  floods.  The  same  subject  has  been  discussed  in  a 
paper  by  Col.  Roberts,  who  shows  that  on  the  Ohio  the  forests  have 
nothing  to  do  with  producing  floods,  or  with  influencing  the  rainfall. 
At  the  Washington  meeting  some  years  ago,  Prof.  Hilgard  stated  that 
the  records  of  the  rainfall  at  Marietta,  O.,  which  are  the  oldest  and 
longest  in  existence  in  Ohio,  show  that  the  rainfall  was  not  affected  by 
the  removal  of  the  forests.  Now,  with  all  due  deference  to  my  friend 
and  neighbor  here,  I  will  venture  to  say  that  there  is  something  wrong, 
a  screw  loose  somewhere,  about  that  diminution  of  10  inches  rainfall 
in  ten  years.  I  know  it  is  said  that  figures  do  not  lie,  but  by  taking  a  pe- 
riod of  twenty  years — all  sorts  of  things  can  be  gotten  out  of  that  short 
period — I  do  not  say  gotten  designedly,  but  there  is  room  for  self-de- 
ception, and  perhaps  there  is  no  way  in  which  self-deception  can  te 
accomplished  with  better  success  than  by  statistics,  and  by  this  species 
of  statistics.  This  may  sound  like  an  unkind  thing  to  say,  but  we  are 
on  such  good  terms  that  my  friend  will  not  object.  I  wish  only  to  say, 
as  to  the  10  inches  diminution  of  rainfall  in  ten  years  being  the  effect 
of  the  forests,  that  I  think  there  must  be  something  wrong  about  it. 
The  rainfall  probably  has  not  been  affected  in  that  way  in  the  Connec- 
ticut valley. 

Mr.  Fletcher. — I  do  not  wish  to  be  understood  as  saying  that  I  be- 
lieve the  clearing  of  forests  has  any  immediate  influence  on  the  rainfall, 
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but  the  figures  were  carefully  collected.  Wherever  the  mistake  may  be, 
if  there  is  one,  we  do  not  find  it.  We  have  been  suspecting  that  there 
is  some  influence  of  elevation  upon  the  indications  given.  I  have  lately 
had  rain  gauges  of  two  diff'erent  patterns  made,  and  kept  at  different 
elevations,  and  have  already  found,  even  in  the  course  of  three  or  four 
months  of  observation,  that  there  is  a  decided  difference  in  the  indica- 
tions. But  the  time  has  been  so  short,  that  I  thought  it  was  not  worth 
while  to  say  anything  about  it.  It  would,  however,  make  a  difference  of 
only  about  5  per  cent.  In  regard  to  the  depletion  of  forests  in  the 
Connecticut  valley,  I  will  say  that  immense  reaches  of  forests  have  been 
cut  off  entirely.  Mountains  have  been  completely  stripped  to  supply 
the  railroads  with  fuel.  For  miles  and  miles  in  regions  adjoining  the 
tracks  of  the  various  railways  in  northern  New  England,  you  may  see 
wood  piled  up  sufficient  for  years  of  consumption. 

Egbert  Mooee,  M.  Am.  Soc.  C.  E. — In  confirmation  of  the  views  of 
Mr.  Herschel,  I  desire  to  call  attention  to  a  fact  in  regard  to  the  prairie 
States  of  the  West — notably  the  State  of  Illinois. 

As  is  well  known  to  the  residents  of  those  States,  the  settlement  of  the 
country  has  been  followed  by  an  increase  of  the  area  covered  by  trees 
and  forests.  Trees  have  been  planted  for  orchards,  for  ornamental  pur- 
poses, for  timber,  and  as  a  protection  against  the  wind.  The  stopoage 
of  prairie  fires  has  also  promoted  the  growth  of  trees  on  all  uncultj'/  ated 
lands,  until  now  dense  thickets  and  clumps  of  trees  are  seen  in  [every 
direction,  where  a  few  years  ago  not  even  a  bush  was  in  sight  fo  i  many 
miles.  / 

But  this  very  marked  change  in  the  area  covered  by  trees  jiils  not 
been  accompanied  by  any  change  in  the  rainfall,  which  was  fi  ^updant 
when  there  were  no  trees,  and  is  no  less  abundant  now.  So  that  ;I  ttoubt 
very  much  whether  forests  ever  produce  any  appreciable  infiuei  ce,yono 
way  or  the  other,  upon  the  amount  of  rain.  \ 

N.  M.  Edwards,  M.  Am.  Soc.  C.  E.— I  will  add  that  in  Wiscon.'tn  I 
have  noted  the  records  made  by  the  United  States  Signal  Servio  at 
several  remote  stations  during  a  period  of  eleven  years,  as  also  data  col- 
lected for  evidence  in  the  courts,  and  have  observed  a  great  variation  in 
the  average  of  extremes,  June  and  December,  but  between  them  a  uni- 
form gradation.  June,  our  month  of  greatest  rainfall,  averages  three 
and  one  half  times  that  of  December. 
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The  average  per  year  during  eleven  years  at  these  distant  stations  in 
the  State  has  been  33 . 5  inches,  being  much  less  than  in  eastern  Massa- 
chusetts. 

Some  of  our  greatest  rainfalls  will  run  up  to  10  inches  in  two  days. 
These  are,  no  doubt,  local,  but  in  one  case  in  June,  1880,  this  extreme 
fall  was  established  by  evidence  in  court  of  many  witnesses,  and  proved 
to  have  extended  over  several  hundred  square  miles  area. 

D.  Fitzgerald,  M.  Am.  Soc.  C.  E. — In  regard  to  the  statements  by 
Prof.  Fletcher,  I  would  say  that  it  is  impossible  to  draw  inferences  as  to 
averages  from  short  periods  of  rainfall  observations,  such  as,  say,  twenty 
years.  Owing  to  great  fluctuations  in  a  profile  covering  as  long  a  period 
as  a  century,  it  makes  a  great  difference  when  the  twenty-year  period 
is  taken.  I  am  inclined  to  the  belief  that  it  will  take  more  than  a  hun- 
dred years  of  observations  in  the  same  spot  to  determine  any  law  as  to 
increase  or  decrease  of  the  annual  fall— at  any  rate,  if  that  increase  or 
decrease  is  no  more  decided  in  amount  than  at  present  appears 

As  to  height  above  the  ground,  I  have  satisfied  myself  by  long  experi- 
ment that  it  makes  a  great  difference  in  the  amount  collected  whether 
the  gauge  be  placed  on  the  ground  or  at  some  distance  above  it.  This 
fact  has  already  been  pretty  well  established  in  England.  I  am  now 
carrying  on  an  experiment  with  a  series  of  nine  gauges  and  towers,  the 
highest  60  feet  above  the  ground,  in  connection  with  a  self-recording 
anemometer,  to  see  if  the  wind  is  the  cause.  Unfortunately,  there  is 
hardly  any  branch  of  meteorological  work  in  which  there  are  such  inac- 
curacies as  in  rainfall  observations.  Here  is  a  great  field  for  missionary 
work,  and  one  in  which  I  hope  this  Society  will  take  the  initiative.  It 
is  desirable  to  accomplish  two  objects  :  1st,  to  secure  similar  instru- 
ments, and  2d,  to  secure  uniform  methods  of  observation. 

My  observation  and  study  have  hardly  led  me  to  the  conclusion  that 
the  removal  of  the  forests  has  any  influence  on  the  yearly  rainfall,  but 
as  it  is  most  probable  that  their  removal  afiects,  in  a  large  degree,  the 
evaporation  from  the  ground,  and  the  distribution  of  the  rainfall  after 
it  has  been  received,  it  is  to  be  hoped  that  our  influence  will  be  given 
towards  their  retention. 
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These  experiments  were  made  during  the  year  1877,  by  the  direction 
of  Mr.  S.  M.  Gray,  M.  Am.  Soc.  C.  E.,  City  Engineer,  for  the  purpose 
of  determining  with  accuracy  the  loss  of  head  in  ordinary  2j-inch  rubber 
hose,  and  nozzles  of  different  forms  and  sizes,  such  as  are  generally  used 
by  fire  departments,  as  the  data  at  hand  was  inadequate  to  cover  the 
varied  information  that  the  City  Engineer's  office  was  called  upon  to 
furnish. 

Formulas  of  different  kinds  have  been  determined  from  the  experi- 
ments, and  Box's  formula  for  the,  height  of  jets  of  water  arranged  so  that 
it  can  be  used  in  connection  with  these  formulas. 
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2  J -Inch  Kubber  Hose. 

The  supply  of  water  used  in  making  the  twenty-four  experiments 
from  which  a  formula  for  2^-inch  rubber  hose  has  been  determined,  was 
taken  from  a  30-inch  main,  through  a  6-inch  pipe  about  1  800  feet  long. 

At  the  end  of  this  pipe  an  8-inch  hydrant  was  located,  to  the  head  of 
which  was  connected  the  couplings  with  the  two  pressure  gauges  at- 
tached that  were  employed  in  determining  the  head.  The  general 
arrangements  are  shown  in  the  following  sketch.     From  the  gauge  coup- 


lings the  attached  hose  was  laid  along  the  ground  to  a  crane  arranged 
to  swing  over  a  tank  capable  of  holding  2  100  gallons.  Three  differ- 
ent lengths  of  hose  were  used  in  making  the  experiments,  viz.:  96.25 
feet,  193.25  feet,  and  385.02  feet,  each  length  having  been  thoroughly 
examined. 

The  experiments  were  conducted  in  the  following  manner.  A  short 
time  before  each  was  commenced  the  water  was  let  into  the  hose,  and 
the  pressure  regulated  by  opening  or  closing  one  or  more  of  the  valves 
in  the  hydrant  head.  This  was  done  in  such  a  way  that  contractions  or 
disturbances  of  any  kind  did  not  take  place  in  the  outlet  that  supplied 
the  hose.  When  all  was  in  readiness  word  was  given,  and  by  the  aid  of 
the  crane  the  outlet  of  the  hose  was  swung  over  the  tank,  the  time  noted 
with  a  stop  watch,  and  two  observers  commenced  to  read  the  pressure 
gauges ;  after  a  sufficient  time  had  elapsed,  word  was  again  given,  the 
outlet  was  swung  from  over  the  tank,  the  time  noted,  and  the  observers 
discontinued  their  readings.     The  valves  in  the  hydrant  head  were  then 
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closed,  and  when  the  water  in  the  tank  had  become  motionless  it  was 
gauged,  and  the  tank  emptied  preparatory  to  another  experiment. 

From  the  data  thus  obtained,  with  the  lengths  and  diameter  of  the 
hose,  etc. ,  the  co-efficients  of  friction  that  have  been  used  in  the  following 
formulas  were  determined  : 


_      "^gh 

l.-.0256d4    +  (.0087  +  :^)   _j2288d4^  ^^'^ 


.015546'3  —  .000398d4:   -f  .0000362962^4^ 


(2-) 


v  ==  velocity  of  efflux  in  feet  per  second. 

h  =  head  in  feet  indicated  by  pressure  guage,  more  or  less  the  diflfer- 
ence  in  elevation  of  the  outlet. 

d  =  diameter  of  hose  couplings  in  inches. 

I  =  length  of  hose  in  feet  from  centre  of  gauge. 

2?i  =  velocity  in  2  J -inch  hose. 

Formula  No.  1  is  only  to  be  applied  to  hose  between  90  and  100  feet 
in  length,  and  was  especially  computed  for  cases  where  great  accuracy  is 
required.  The  co-efficient  of  friction  used  in  its  construction  is  dependent 
upon  the  velocity  of  the  water  in  the  hose.  A  comparison  between  this 
co-efficient  and  the  experimental  results  from  which  it  was  derived  is 
shown  on  diagram  No.  1,  Part  2,  Plate  LI ;  and  a  comparison  of  veloci- 
ties calculated  by  this  formula,  with  experimental  results,  is  shown  in 
table  No.  2  and  on  diagram  No.  3,  Plate  LII. 

Formula  No.  2  can  be  applied  to  all  lengths  of  hose,  and  is  a  reliable 
general  formula.  The  co- efficient  of  friction  used  in  its  construction  has 
been  considered  constant  for  all  velocities.  A  comparison  between  this 
co-efficient  and  the  experimental  results  from  which  it  was  derived,  is 
shown  on  diagram  No.  1,  Part  1,  Plate  LI  ;  and  a  comparison  of  veloci- 
ties calculated  by  this  formula,  with  experimental  results,  is  shown  in  _ 
table  No.  1  and  on  diagram  No.  2,  Plate  LII.  • 

It  will  be  seen  by  the  tables  and  diagrams,  that  the  velocity  in  the 
hose  ranged  during  the  experiments  from  16  to  29  feet  per  second  ;  and 
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that  the  velocity  in  the  hose  of  some  of  the  miscellaneous  experiments, 
with  which  the  formula  has  been  compared,  ranged  as  low  as  6  feet  per 
second. 

As  the  reliability  of  pressure  gauges  may  be  questioned,  attention  is 
called  to  the  fact  that  two  were  used  in  nearly  every  instance,  one  as  a 
check  upon  the  other;  and  by  inspecting  table  No.  1  and  diagram  No.  2, 
Plate  LII,  it  will  be  seen  that  all  of  the  experiments  were  made  with 
heads  above  40  feet.  Therefore,  a  small  error,  owing  to  the  ineffi- 
ciency of  the  gauges,  would  only  have  slightly  afifected  the  final  results. 

For  example,  take  the  data  of  experiments  Nos.  23  and  12,  table 
No.  1,  their  heads  being  a  fair  representation  of  the  maximum  and  mini- 
mum heads  employed,  and  assume  an  error  of  1  pound,  which  cor- 
responds to  2.31  feet  of  water.  After  making  an  allowance  for  this 
error,  compute  with  the  corrected  heads  a  co-efficient  of  friction  for  each 
case  ;  then  with  these  new  co-efficients  and  the  actual  heads  and  lengths 
of  hose,  etc.,  used  in  the  above  mentioned  experiments,  calculate  new 
velocities,  and  compare  them  with  the  experimental  velocities  given  in 
the  table,  and  the  difference  will  be  found  to  vary  with  the  maximum 
head  only  i%  per  cent. ,  and  with  the  minimum  2  ^q  per  cent. 
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Ring  Nozzles. 

The  forty-five  experiments  from  which  a  formula  for  ring  nozzles 
was  determined,  are  the  most  unsatisfactory  of  any  that  have  been  con- 
sidered. They  were  made  with  four  different  sized  nozzles  (see  Plate 
L),  and  the  velocities  obtained  ranged  from  38  to  95  feet  per  second. 

The  head  at  the  base  of  the  nozzle  was  ascertained  by  the  aid  of  a 
pressure  gauge. 

H=h-\-Ti^  .0155463  (3.) 

h  =  head  in  feet  indicated  by  gauge. 

I?!  =  velocity  in  2 1 -inch  couplings  in  feet  per  second. 

H  =  effective  head  in  feet  at  base  of  nozzle. 

The  quantity  of  water  discharged  was  measured. 

The  diameters  of  the  contracted  veins  were  ascertained  by  measuring 
the  cross-section  of  the  moving  streams  as  they  issued  from  the  several 
orifices.  The  mean  of  these  measurements  was  found  to  correspond  to 
uMTo  of  the  diameter  of  the  orifices  ;  consequently  the  discharge  was 
about  iVtH)  less  than  though  the  streams  had  not  been  contracted,  and 
were  issuing  from  the  orifices  with  the  same  velocity  as  the  velocity  of 
the  contracted  veins  ;  while  the  velocity  of  the  contracted  veins  was 
about  iVo  niore  than  the  velocity  of  the  streams  in  the  orifices. 

From  the  experimental  data,  etc.,  obtained,  the  co-efificients  of  con- 
traction, velocity,  and  finally  that  of  efflux,  were  determined  that  were 
used  in  the  following  formula,  which  was  constructed  for  general  use, 
and  for  all  sizes  of  nozzles  from  |  of  an  inch  to  1^  inches  in  diameter: 

^/=. 001135  t?2  (4.) 

Jif  =  loss  of  head  in  feet  owing  to  resistance. 

V  =  velocity  of  the  contracted  vein  in  feet  per  second. 

A  comparison  is  shown  on  diagram  No.  4,  Plate  LIII,  between  this 
formula,  which  is  indicated  by  a  full  black  line,  and  the  experiments  from 
which  it  was  derived,  which  are  represented  by  various  dots,  etc .  On 
the  same  diagram  it  is  also  compared  with  formulas  computed  from  indi- 
vidual data  obtained  from  each  nozzle,  which  are  indicated  by  different 
broken  lines.  In  the  construction  of  this  general  formula  it  was  taken 
into  consideration,  as  diagram  No.  4  will  show,  that  a  very  slight  varia- 
tion in  the  shape  of  the  nozzle  would  change  the  co-efficient  of  resistance 
quite  materially;  and  the  probabilities  were,  that  should  another  series 
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of  experiments  be  made  with  other  nozzles  of  the  same  pattern,  manu- 
factured as  near  as  they  generally  are  for  ordinary  use,  exactly  the  same 
results  might  not  be  obtained.  Therefore  this  general  formula  may  be 
considered  practicable  for  all  ordinary  purposes,  and  it  will  greatly 
facilitate  calculation  by  being  constant  for  all  sizes.  The  difference  be- 
tween this  general  formula  and  the  formula  that  represents  the  maxi- 
mum and  minimum  variations  from  it,  which  are  shown  on  diagram  No.  4 
by  two  of  the  broken  lines,  will  not  materially  affect  general  results, 
as  may  be  seen  by  the  following  example: 

Assume  a  1-incli  nozzle  discharging  under  a  head  of  138.6  feet,  or  60 
pounds  pressure,  and  compare  the  result  that  will  be  obtained  by  the 
general  formula  with  those  results  that  will  be  obtained  by  the  maxi- 
mum and  minimum  formulas  above  mentioned,  and  the  quantity  dis- 
charged by  the  general  formula  will  be  found  to  vary  from  either  of  the 
others  but  about  li^o  pei*  cent.,  while  the  height  that  a  jet  will  rise  will 
be  affected  in  about  the  same  ratio.     The  loss  of  head  will  be,  however, 

By  the  general  formula,  9.4  feet, 
"     *'   maximum     "       12.8     " 
"     "    minimum     "         6.1     " 

showing  a  variation  of  3.4  feet  more  and  3.3  feet  less. 

On  diagrams  Nos.  6,  Plate  LIV,  and  7,  Plate  LY,  and  in  table  No.  3, 
where  various  miscellaneous  experiments  are  compared  with  the  gen- 
eral formula,  it  will  be  seen  that  the  ratios  of  the  experimental  velocities 
to  the  velocities  calculated  by  formula,  are  not  the  same  as  are  the  ratios 
of  the  experimental  quantities  discharged  to  the  quantities  discharged 
as  calculated  by  formula.  This  is  owing  to  an  individual  experimental 
co-efficient  of  contraction  having  been  used  in  each  case  in  determining 
the  experimental  velocity,  while  in  the  formula  a  mean  co-efficient  of 
contraction  was  used,  as  has  previously  been  explained.  If,  however, 
the  CO- efficients  of  contraction  used  in  determining  the  experimental 
velocities  had  been  the  same  as  the  one  that  was  used  in  the  formula, 
their  ratios  would  have  been  the  same  as  the  ratios  of  the  quantities 
discharged. 
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Smooth  Nozzles. 

The  tliirty-five  experiments  from  which  a  formula  for  smooth  nozzles 
■was  determined,  were  made  with  three  different  sized  nozzles  (see  Plate 
L),  and  the  velocities  obtained  ranged  from  38  to  92  feet  per  second. 

The  head  at  the  base  of  the  nozzles  was  ascertained  by  the  aid  of  a 
pressure  gauge. 

H=h  +  vx''  .0155463  (5.) 

Ji  =  head  in  feet  indicated  by  gauge. 

v-^  =  velocity  in  2i-inch  couj^ling  in  feet  per  second. 

H=  effective  head  in  feet  at  base  of  nozzle. 

The  quantity  of  water  discharged  was  measured. 

From  the  exj^erimental  data,  etc.,  obtained,  the  co-efficients  of  veloc- 
ity and  resistance  were  determined  that  were  used  in  the  following  for- 
mula, which  was  constructed  for  general  use,  and  for  all  sizes  of  nozzles 
from  I  of  an  inch  to  li  inches  in  diameter: 

hf=  .0009639  V-  (6.) 

V  =  velocity  of  efflux  in  feet  per  second. 
/^/=  loss  of  head  in  feet  owing  to  resistance. 

A  comparison  is  shown  on  diagram  No.  5,  Plate  LIII,  between  the  for- 
mula, which  is  indicated  by  a  full  black  line,  and  the  experiments  from 
which  it  was  derived,  which  are  represented  by  various  dots,  etc.  On  the 
same  diagram  it  is  also  compared  with  formulas  computed  from  individual 
data  obtained  from  each  nozzle,  which  are  indicated  by  different  broken 
lines.  In  the  construction  of  this  general  formula,  as  much  care  and 
attention  was  paid  to  details  as  there  was  upon  the  one  before  mentioned 
for  ring  nozzles. 

The  difference  between  this  general  formula  and  the  formulas  that 
represent  the  maximum  and  minimum  variations  from  it,  which  are 
shown  on  diagram  No.  5  by  two  of  the  broken  lines,  will  not  materially 
affect  general  results,  as  may  be  seen  by  the  following  examjole: 

Assume  a  1-inch  nozzle  discharging  under  a  head  of  138.6  feet,  or  60 
pounds  i3ressure,  and  compare  the  result  that  will  be  obtained  by  the 
general  formula  with  those  results  that  will  be  obtained  by  the  maxi- 
mum and  minimum  formulas  above  mentioned,  and  the  quantity  dis- 
charged by  the  general  formula  will  be  found  to  vary  from  either  of  the 
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others  but  about  1  per  cent.,  while  the  height  that  a  jet  will  rise  will 
be  affected  in  about  the  same  ratio.     The  loss  of  head  will  be,  however, 

By  the  general  formula,  8. 1  feet, 
"     ♦'  maximum     "        10.3     '' 
*'     *'   minimum     *'  6.7     " 

showing  a  variation  of  2.2  feet  more  and  1.4  feet  less. 

Pressuke  Gauges. 

The  pressure  gauges  used  in  making  the  precediog  experiments 
were  hydraulic  gauges  of  the  best  quality;  their  faces  were  7  inches 
in  diameter,  and  graduated  to  half  pounds,  reading  from  zero  to  one 
hundred  ;  they  were  compared  frequently  while  the  experiments  were 
being  made  with  a  large  test-gauge  kept  expressly  for  this  purpose. 

Efficiency  of  Nozzles. 

It  seems  to  be  the  opinion  among  a  certain  class  of  people,  whose  ex- 
perience with  nozzles  has  been  mainly  confined  to  observing  in  a  general 
way  the  height  of  jets  of  water,  as  they  have  noticed  them  from  time  to 
time  being  played  from  nozzles  of  various  forms  and  sizes,  that  jets  will 
rise  to  a  greater  elevation  from  ring  nozzles  than  they  will  from  smooth 
nozzles  of  the  same  diameter.  Experiments,  however,  prove  to  the  con- 
trary. 

The  orifice  of  a  ring  nozzle,  which  is  in  a  measure  similar  to  an  orifice 
in  a  thin  plate,  causes  the  stream  to  contract  as  it  passes  through  it. 
Professor  Weisbach  says  upon  the  subject  :  "If  the  velocities  of  efflux 
and  the  widths  of  the  orifices  are  the  same,  those  streams  which  are  not 
contracted  rise  higher  than  those  which  are,  not  only  because  the  former 
are  thicker,  but  also  because  the  latter,  in  consequence  of  their  contrac- 
tions and  expansions,  oppose  less  resistance  to  the  penetration  of  air." 
On  diagram  No.  11,  Plate  LIX,  are  plotted  results  of  Professor  Weis- 
bach's  investigations,  which  show  the  influence  ,that  contraction  has 
upon  the  height  of  jets. 

The  opinion  of  the  superiority  of  ring  nozzles  may  have  been  formed 
owing  to  unjust  comparison.  For  instance,  assume  that  vertical  streams 
are  being  played  under  157. 7  feet  head  through  200  feet  of  hose  to  which 
nozzles  are  attached;  from  a  1-inch  smooth  nozzle  a  jet  will  rise  about 
92  feet,  while  the  head  due  to  the  velocity  of  the  stream  will  be  105  feet, 
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and  the  discharge  3.35  gallons  per  second;  and  from  a  1-inch  ring  nozzle 
a  jet  will  rise  about  98.5  feet,  while  the  head  due  to  the  velocity  of  the 
contracted  vein  will  be  119.6  feet,  and  the  discharge  2.67  gallons  per 
second;  showing  a  gain  in  favor  of  the  ring  nozzle  of  6.5  feet  in  the 
height  of  jet,  and  14.6  feet  in  the  head  due  to  the  velocity,  while  there 
is  a  decrease  in  the  discharge  of  ^q%  gallons  per  second,  or  20  per  cent. 

These  differences  can  be  easily  accounted  for,  as  a  stream  that  issues 
from  a  ring  nozzle  is  contracted  to  i-qVo  of  the  diameter  of  the  orifice,  as 
has  been  explained  in  the  preceding  pages;  consequently  the  discharge 
is  less  than  it  would  be  from  a  stream  issuing  without  contraction  from 
the  orifice  of  a  smooth  nozzle  of  the  same  diameter,  and  the  loss  of  head 
in  the  hose  is  not  as  great.  In  the  preceding  case  the  head  under  which 
the  nozzles  were  discharging,  was  for  the  ring  128.3  feet,  and  for  the 
smooth  111.4  feet,  showing  about  17  feet  head  in  favor  of  the  ring, 
which  caused  the  jet  to  rise  higher  though  the  discharge  was  less.  If 
the  head  on  the  nozzles  had  not  been  unequally  reduced,  however,  by  loss 
of  head  in  the  hose,  and  in  both  instances  had  been  the  same,  different 
results  would  have  been  obtained,  as  a  jet  of  large  diameter  will  rise 
higher  than  a  jet  of  small  diameter  under  the  same  head.  For  instance, 
under  a  head  of  115  feet  a  jet  will  rise  from  a  1-inch  smooth  nozzle  about 
94.3  feet,  while  the  head  due  to  the  velocity  will  be  108.3  feet,  and  the 
discharge  3.4  gallons  per  second;  and  from  a  ring  nozzle  of  the  same 
diameter,  and  under  the  same  head,  a  jet  will  rise  about  91  feet,  while 
the  head  due  to  the  velocity  of  the  contracted  vein  will  be  107.2  feet,  and 
the  discharge  2.53  gallons  iper  second. 
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Jets  of  Water. 

Investigation  demonstrates  that  Box's  formula  for  the  height  of  jets, 
as  published  in  his  "  Practical  Hydraulics,"  compares  as  favorably  with 
obtainable  experimental  results  as  can  be  reasonably  expected  of  a 
formula  so  general  in  its  application. 

A  comparison  of  this  formula  and  the  experiments  from  which  it  was 
determined  with  others  from  the  following  authorities,  that  have  been 
added  for  the  purpose  of  substantiation,  are  shown  on  diagrams  Nos.  9, 
Plate  LVII,  and  10,  Plate  LVIII,  and  in  tables  Nos.  5  and  6. 

Eleven  experiments  from  a  paper  published  in  the  Engineering 
News,  by  S.  Van  Cleve,  Superintendent  of  the  Des  Moines  Water 
Works.  The  pressure  gauge  from  which  the  head  Avas  obtained  under 
which  these  experiments  were  made,  Avas  located  upon  a  line  of  2^-inch 
hose  50  feet  distant  from  the  nozzle,  and  the  head  at  the  nozzle  was 
determined  by  calculating  the  loss  of  head  in  the  50  feet  of  hose  by  the 
formula  mentioned  in  the  preceding  pages,  and  subtracting  it  from  the 
head  indicated  by  the  gauge,  after  the  head  due  to  the  velocity  i  n  t 
coupling  of  the  hose  had  been  added. 

Twelve  experiments  where  the  greatest  elevation  of  the  jets  was  ap- 
parently considered,  from  a  paper  published  in  the  Engineering  News, 
by  J.  F.  Flagg,  C.  E.  The  pressure  gauge  from  which  the  head  was  de- 
termined under  which  these  experiments  were  made,  Avas  attached  prob- 
ably to  a  6  or  8-inch  pipe  a  short  distance  from  the  orifice,  and  the  head 
on  the  jet  was  considered  the  same  as  indicated  by  this  gauge. 

Seven  experiments  from  D'Aubuisson's  Hydraulics,  made  by  Mariotte 
and  Bossut. 

On  diagram  No.  11,  Plate  LIX,  Box's  formula  is  compared  with  sev- 
eral by  Professor  Weisbach;  the  head  due  to  the  velocity,  which  is  a 
term  of  the  latter,  has  been  increased  in  order  to  make  the  comparison 
5.3  per  cent.,  which  corresponds  to  a  mean  co-efficient  of  resistance  for 
nozzles  and  thin  plates  by  the  same  author. 

Box,  in  his  "Practical  Hydraulics,"  says  in  reference  to  jets: 

"There  are  very  few  reliable  experiments  on  this  subject,  and  the 
laws  indicated  by  those  Ave  have  are  A^ery  intricate.  The  best  experi- 
ments we  have  are  given  in  Table,"  "and  from  them  we  find  that  h' 
increases  very  nearly  in  the  ratio  of  the  square  of  the  head,  so  that  if  we 
draw  to  scale  the  successive  heights  found  by  experiment,  as  in  Figure," 
"we  obtain   a  curve   which  approximates  to   a  parabola."      "  Exj^eri- 
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ment  also  shows  that  the  head  being  constant  W  varies  nearly  in  inverse 
ratio  to  the  diameter  of  the  jet."  "Thus  we  have  the  elements  for 
calculating  approximately  the  loss  of  head  for  any  particular  case,  not 
perfectly  agreeing,  perhaps,  with  the  true  law,  but  the  best  approxima- 
tion we  can  obtain;  this  is  a  subject  on  which  more  experimental  infor- 
mation is  very  desirable." 

k'  =  ^X  .0125, 
d 

in  which 

H  =^  head  on  jet  in  feet, 

h'  =  the  difference  between  the  height  of  head  and  height  of  jet, 

d=z  diameter  of  jet  in  eighths  of  an  inch. 

"  It  is  a  result  of  this  rule  that  each  particular  size  of  jet  attains  its 
maximum  height  with  a  certain  head,  and  that  if  the  head  be  increased 
beyond  that  point  the  height  of  jet  is  not  increased  thereby,  but  is  actu- 
ally diminished,"  as  shown  on  diagram  No.  10,  Plate  LVII. 

The  data  obtainable  indicates  that  in  making  the  experiments  upon 
which  Box's  formula  was  based,  probably  only  the  head  on  the  nozzles 
or  orifices,  and  the  height  and  diameter  of  the  jets,  were  measured.  It 
is,  therefore,  reasonable  to  suppose  that,  as  the  head  on  the  nozzle  and 
not  the  head  due  to  the  velocity  of  the  jet  is  used  in  the  formula,  the 
resistance  to  flow  considered  in  its  construction  is  not  that  due  to  any 
particular  form  of  nozzle.  The  slight  effect,  however,  which  the  differ- 
ence in  the  resistances  to  flow  of  various  kinds  of  nozzles  will  have  upon 
the  height  of  jets,  may  be  seen  by  the  following  comparison: 

Assume  that  Box's  formula  is  based  upon  the  form  of  smooth  nozzle 
shown  on  Plate  L,  and  that  a  jet  is  being  played  from  a  1-inch  nozzle 
of  this  form  under  100  feet  head.  The  height  that  a  jet  will  rise  by  the 
formula  from  this  nozzle  under  these  conditions,  and  the  heights  that 
jets  will  rise  by  the  formula  under  the  same  head,  from  other  nozzles  or 
orifices  of  the  same  size  having  different  resistances  to  flow,  after 
allowance  has  been  made  for  them  in  the  formula,  are  as  follows: 


Kind  of  Nozzles  or  Orifices,  and   Authority 

Smooth .      See  Plate  L 

Eing.  '*       "     "   

Smooth.       By  Weisbach 

Thin  plate.    "  " 

Smooth.         "  Box 


Difference. 
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Formulas. 

The  following  formulas  on  the  flow  of  water  through  2^ -inch  rubber 
hose  and  smooth  and  ring  nozzles,  such  as  are  ordinarily  used  by  fire  de- 
partments, have  been  arranged  from  the  general  formula  presented  in 
the  preceding  pages,  and  are  intended  to  be  used  in  connection  with  all 
lengths  of  hose  over  40  feet,  and  for  nozzles  ranging  in  size  from  |  of 
an  inch  to  IJ  inches  inclusive.  The  head  in  all  cases  has  been  consid- 
ered as  that  which  would  be  indicated  by  a  pressure  gauge  attached  to 
a  2^ -inch  coupling  connected  with  a  line  of  hose,  and  is  equal  to  what 
the  actual  head  would  be  at  the  same  point,  less  the  head  due  to  the 
velocity  in  the  coupling. 

Formulas  for  2^-inch  rubber  hose  with  smooth  nozzles  attached  : 


"■J- 


0165102  —  .000398d^  +  .0000362962d '^i 


(7.) 


G  =  .OiOSd^v  (8.) 

h  =  (.0165102  —  .000398(^^  -f  .0000362962d^l)v^  (9.) 


h 


2g        1.062  —  .0256«f'*  -j-  ,00233472(^*/  (10.) 

H=.01651v^  (11.) 

7.  A1AK1     3  .000000426^^  |.cy^ 

^,-=.01651z?  — (12.) 

*^  a 

V  =  velocity  of  efflux  in  feet  per  second. 

h  =  head  in  feet  indicated  by  pressure  gauge,  more  or  less  the  differ- 
ence in  elevation  of  the  orifice  of  the  nozzle. 

nf  =  diameter  of  nozzle  in  inches. 

I  =  length  of  hose  in  feet  from  the  centre  of  the  pressure  gauge  to 
the  base  of  the  nozzle. 

G  =  gallons  discharged  per  second. 

_^  =  head  in  feet  due  to  velocity  of  efflux. 
2.9' 

H  =  effective  head  in  feet  at  the  nozzle. 

hj  =  height  in  feet  that  a  jet  will  rise  above  the  orifice  in  still  air. 


HS8        WEsroN  ON"  flow  through  hose  and  kozzles. 
Formulas  for  2|-inch  rubber  hose  with  ring  nozzles  attached 


.0166812  —  .00022178d*  +  .0000202264(1 '^i 


(13.) 


6;^  =  .  0304576^-1?  (U.) 

h  =  (.0166812  —  .00022178^^  +  .00002022  64  tZ-^/jtJ^  (15.) 


t'2 


h 


2g        1.073  —.0142658^^  +  .00130104^*/  (16.) 

H=.01668v'^  (17.) 

;.,=  . 01668.^-   -QQQOQQ^Q^^'  (18.) 


V  =  velocity  of  efflux  of  the  contracted  vein,  in  feet  per  second. 

h  =  head  in  feet  indicated  by  pressure  gauge,  more  or  less  the  diflfer- 
■ence  in  elevation  of  the  orifice  of  the  nozzle. 

d  =  diameter  of  nozzle  in  inches. 

I  =  length  of  hose  in  feet  from  the  centre  of  the  pressure  gauge  to 
the  base  of  the  nozzle. 

6r  =  gallons  discharged  per  second. 

^r-  =  head  in  feet  due  to  velocity  of  efHux. 

^9 

H=  effective  head  in  feet  at  base  of  nozzle. 

h  T  =  height  in  feet  that  a  jet  will  rise  above  the  orifice  in  still  air. 

^ G 

^  {d  X  .864)2  X   .785398  X  .051946 

The  following  examples  will  show  the][manner  of  applying  formulas 
:Nos.  7,  8,  12,  13,  14,  and  18  : 

Example  No.  1. 

Assume  that  a  stream  of  water  is  being  discharged  vertically  through 
a  smooth  nozzle  attached  to  a  line  of  hose,  and  the  orifice  of  the  nozzle 
is  4  feet  above  the  elevation  of  a  gauge,  connected  to  the  hose  near  the 
hydrant,  and  from  which  the  head  is  obtained. 

Length  of  hose  from  centre  of  gauge  to  base  of  nozzle,  200  feet.  Diam- 
eter of  nozzle,  1  inch. 
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Head  indicated  by  pressure  gauge,  161.7  feet  less  4  feet  =  157. 7  feet 

Question.  What  will  be  the  velocity  of  efflux  per  second  ? 

Answer.  82. 14  feet. 

Question.   What  will  be  the  discharge  of  water  in  gallons  per  second  ? 

Answer.  3.35  gallons. 

Question.  How  high  will  the  jet  of  water  rise  ? 

Answer.  92.01  feet. 

Example  No.  2. 

Assume  that  a  stream  of  water  is  being  discharged  vertically  through 
a  ring  nozzle  attached  to  a  line  of  hose,  and  the  orifice  of  the  nozzle  is 
4  feet  above  the  elevation  of  a  gauge,  connected  to  the  hose  near  the 
hydrant,  and  from  which  the  head  is  obtained. 

Length  of  hose  from  centre  of  gauge  to  base  of  nozzle,  200  feet.  Diam- 
eter of  nozzle,  1  inch. 

Head  indicated  by  pressure  gauge,  161. 7  feet  less  4  feet^l57. 7  feet  =  h. 

Question.  What  will  be  the  velocity  of  efflux  per  second  ? 

Answer.  87.70  feet. 

Question.  What  will  be  the  discharge  of  water  in  gallons  per  second  ? 

Answer.  2.67  gallons. 

Question.  How  high  will  the  jet  of  water  rise  ? 

Answer.  98.53  feet. 
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TABLE  No.  1. 

COKRESPONDING   TO   DiAGKAM   No.    2,    AND   A   PoRTION    OF    No.    8. 

Velocity  of  efflux  through  coupling  of  2>^"  rubber  hose:  comparison  of  formula  with 

experiments. 


V  = 


h 


.0155463  —  .000398d*  +  .0000362962d*Z 


h  =  head  in  feet  indicated  by  pressure  gauge* 
I  =  length  of  hose  in  feet  from  centre  of  gauge. 
d  =  diameter  of  coupling  in  inches. 


No. 
of 

Diam. 

Veloc- 

Veloc- 

Head. 

Length. 

of 

ity  by 

ity   by 

Exp. 

Coup- 

Calcu- 

experi- 

ling. 

lation. 

ment. 

1 

111.64 

96.25 

1)i- 

34.30 

35.52 

2 

111.91 

34.34 

35.09 

3 

112.76 

34.47 

35.07 

4 

113.03 

34.51 

34.64 

5 

82.81 

29.54 

29.76 

6 

82.46 

29.48 

29.80 

7 

82.26 

" 

29.44 

30.10 

8 

59.10 

24.96 

24.63 

9 

59.38 

25.02 

24.52 

10 

60.21 

25.19 

23.95 

11 

43.56 

21.43 

20.01 

12 

43.74 

21.47 

20.77 

13 

44.51 

21.66 

20.67 

14 

128.02 

193.25 

26.30 

26.02 

15 

127.59 

26.25 

26.52 

16 

126.56 

26.15 

26.48 

17 

126.44 

26.13 

26.47 

18 

103.22 

23.61 

23.88 

19 

103.39 

23.63 

23.83 

20 

102.90 

23.58 

23.86 

21 

135.24 

385.02 

19.29 

20.12 

22 

136.07 

19.35 

19.58 

23 

136.03 

19.34 

19.63 

24 

136.26 

19.36 

19.53 

25 

138.06 

600.00 

15.65 

16.76 

26 

139.14 

" 

15.71 

16.74 

27 

139.12 

" 

15.71 

16.67 

28 

139  61 

•« 

15.74 

16.67 

29 

141.87 

981.50 

12.43 

13.25 

30 

140.92 

" 

12.39 

13.19 

Ratio, 
Calculation 
to  Experi- 
ment, 


-  + 


9fi6 
979 
983 
9y6 
993 
989 
978 


990 
988 
987 
989 
992 
988 
959 
988 
985 
991 

934 
938 
942 
944 
938 
939 


013 
020 
052 
071 
034 
048 
Oil 


Diflf.  X 
from 

Experi- 
ment. 


— 

+ 

3.4 

2.1 

1.7 

0.4 

0.7 

1.1 

2.2 

1.3 

2.0 

5.2 

7.1 

3.4 

4.8 

1.1 

1.0 

1.2 

1.3 

1.1 

0.8 

1.2 

4.1 

1.2 

1.5 

0.9 

6.6 

6.2 

5.8 

5.6 

6.2 

6.1 

Remabks. 


Experiments  used 
in  determining 
the  above  for- 
mula. 


Miscellaneous  ex- 
periments. 


*  More  or  less  the  difference  in  elevation  of  the  orifice  of  the  nozzle. 
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TABLE  No.  2. 
Corresponding  to  Diagram  No.  3. 

Velocity  of  efflux  through  coupling  of  2>^-inch  hose;  comparison  of  formula  with  experi- 
ments from  which  it  was  derived. 


y  .=; 


4 


Igh 


.0256d4 


/  .0504  \ 


.12288Zd^ 


I  =  length  of  hose  in  feet  from  centre  of  gauge. 
h  =  head  in  feet  indicated  by  pre  ssure  gauge.* 
d  =  diameter  of  coupling  in  inches. 
Vi  =  velocity  in  2>^-inch  hose. 
2g  =  64.324. 


No. 
of 

Head. 

Length. 

Dianr. 

of 
Coup- 
ling. 

Velocity  by 

Ratio  of 
Calculation 
to  Experi- 
ment. 

T>m.x 

from 
Experi- 
ment. 

Remabks. 

Exp. 

Calcu- 
lation. 

35.09 

Exper- 
iment. 

— 

+ 

1.2 

+ 

1 

111.64 

96.25 

2K" 

35.52 

.988 

2 

111.91 
112.76 

96.25 
96.25 

" 

35.09 
35.22 

35.09 
35.07 

3 

1.004 

0.4 

4 

113.03 

96.25 

" 

35.20 

34.64 

1.016 

1.6 

5 

82.81 

96.25 

29.57 

29.76 

.994 

0.6 

6 

82.46 

96.25 

" 

29.51 

29.80 

.990 

1.0 

7 

82.26 

96.25 

" 

29.51 

30.10 

.980 

2.0 

8 

59.10 

96.25 

" 

24.37 

24.63 

.989 

1.1 

9 

59.38 

96.25 

" 

24.41 

24.52 

.996 

0.4 



10 

60.21 

96.25 

'•• 

24.50 

23.95 

1.023 

2.3 

11 

43.56 

96.25 

" 

20.34 

20.01 

1.016 

1.6 

12 

43.74 

96.25 

" 

20.48 

20.77 

.986 

1.4 

13 

44.51 

96.25 

" 

20.65 

20.67 

.999 

0.1 

.... 

More  or  less  the  difference  in  elevation  of  the  orifice  of  the  nozzle. 
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TABLE  No.  5. 
Corresponding  to  portions  of  Diagrams  Nos.  9  and  10. 

Box's  formula  for  the  height  of  jets,  compared    with  experiments  obtained  from  various 
authorities  : 


Height  of  jet  in  feet  =  ff—  ^!  .0125. 

d 

Manner  of  application  to  the  general  formula  for  2>^-inch  hose,  etc.,  derived  from  experi- 
ments made  on  the  Providence  Water  "Works  : 

For  smooth  nozzles,  H  =  .01651t)2 
For  ring  nozzles,  /f=  .01668tj2 

H  =  head  on  jet  in  feet. 

d  =  diameter  of  jet  in  eighths  of  an  inch. 

V  =  velocity  of  efflux  in  feet  per  second. 


Height  of  Jet 

Loss  of  Height 

Diameter 

Head 

in  Feet. 

Error 
in  Feet. 

by  Jet 

in  Feet. 

of  Jet  in 

on  Jet 
in  Feet. 

Inches. 

Experi- 

Calcu- 

Experi- 

Calcu- 

ment. 

lated. 

ment. 

lated. 

1" 

105.3 

91.8 

87.5 

—    4.3 

13.5 

17.8 
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65.0 

58.8 
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—      .3 
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6.5 

17.7 

13.8 

17.5 

+    3.7 

3.9 

.2 

105.5 

90.7 

87.5 
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14.8 
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—    2.7 

11.2 

13.9 

Experiments    from   a  paper 

82.8 
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72. 

—    2.6 

8.2 

10.8 

published  in  the  Engineer- 
ing News,  by  J.  F.  Flagg, 
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TABLE  No.   6. 

COREESPONDING   TO    PORTIONS   OF   DIAGRAMS   NoS.  9   AND    10. 

Box's  formula  for  the  height  of  jets,  compared  with  experiments  obtained  from  various 
authorities : 

7/2 

Height  of  jet  in  feet  =  H 3-  .0125 

a 

Manner  of  application  to  the  general  formula  for  2>^-inch  hose,  etc.,  derived  from  experi- 
ments made  on  the  Providence  Water  Works  : 

For  smooth  nozzles,  H=  .01651  v2 
For  ring  nozzles,  H  —  .01668  v2 

H  =  head  on  jet  in  feet. 

d  =  diameter  of  jet  in  eighths  of  an  inch. 

V  =  velocity  of  effiux  in  feet  per  second. 


Diam. 
of  Jet 

Head  on 
the  Jet 
in  Feet. 

Height  of  Jet  in 
Feet. 

Error 
in  Feet. 

Loss  of  Height  by 
Jet  in  Feet. 

in 
Inches. 

Experi- 
ment. 

Calcu- 
lated. 

Experi- 
ment. 

Calcu- 
lated. 

3.9 

1%" 

64. 

61. 

60.1 

—  0.9 

3.0 

Witley  Court. 

" 

92. 

84. 

83.86 

—  0.14 

8.0 

8.14 

.. 

" 

115 

103. 

102.3 

—  0.7 

12. 

12.7 

" 

1" 
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46. 
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3. 

4.8 
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" 
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CCXCIV. 

(Vol.  XIIL—November,  1884.) 


MANAGEMENT   OF  FORCES   ENGAGED   IN  RAIL- 
WAY TRACK  REPAIRS. 


Bj  BsNJAMiN   Reece,    M.  Am.  Soc.  C.  E. 
Head  at  the  Annuali  Convention,  June  13th,  1884. 


The  maintenance  of  road-bed  and  way  depends  upon  a  multiplicity  of 
details,  proper  attention  to  the  performance  of  which  rests  so  largely 
upon  the  distribution,  training  and  management  of  the  track  forces,  that 
I  have  determined  to  make  this  topic  the  subject  of  a  paper,  trusting  it 
may  lead  to  such  an  interchange  of  views  as  will  prove  advantageous  to 
those  engaged  in  this  very  important  branch  of  railroad  engineering. 

We  will  presuppose  that  the  track  work  is  supervised  by  an  efficient 
corps  of  road  masters,  and  indeed  the  success  of  any  plan  will  depend 
upon  the  wisdom  and  good  judgment  displayed  by  the  engineer  in  the 
selection  of  these  important  aids,  who  put  into  execution  the  methods 
and  plans  adopted.  The  selection  of  road  masters  is  a  subject  to 
which  I  have  given  considerable  thought,  and  after  much  painstaking 
observation  and  experience  I  am  led,  as  a  rule,  to  select  energetic 
young  men,  possessed  of  executive  ability  and  a  mechanical  turn  of  mind, 
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in  preference  to  men  who  have  had  many  years'  experience  as  section 
men  or  foremen.  I  am  aware  that,  in  taking  this  stand,  I  oppose 
generally  accei^ted  opinions  and  well-established  practice,  for  which 
reason  I  was  slow  to  take  the  position  now  assumed,  and  to  make  my  own 
office  the  stepping-stone  to  a  track  position  upon  the  division  of  rail- 
way in  my  charge.  The  advantages  of  this  system  are,  first,  that  it 
enables  one  to  keep  the  apprentice  under  observation  until  his  cai^ac- 
ity  is  assured,  and  he  becomes  familiar  with  the  system  of  accounts  and 
with  all  reports  pertaining  to  the  department.  His  general  business 
training  is  better,  and  he  is  better  prepared  to  deal  Avith  the  public;  while 
it  is  in  one's  own  hands  to  instruct  him  in  the  details  of  track  repairs, 
besides  his  deriving  all  the  advantages  of  frequent  association  with  the 
experienced  track  masters  of  the  division.  Of  course,  there  are 
exceptions  to  the  rule,  and  men  educated  from  the  ranks  are  sometimes 
found  qualified  to  make  good  track  masters.  When  opportunity 
presents,  I  am  only  too  glad  to  recognize  this  fact  by  such  promotion  as 
the  merit  of  these  men  deserves,  for  I  know  full  well  the  good  moral 
effect  following  such  promotions. 

It  is  true  many  of  our  best  track  masters  were  originally  section 
foremen,  but  they  received  their  appointments  at  a  time  when  the 
requirements  for  a  track  master  were  scarcely  higher  than  those 
demanded  for  a  section  master  now,  and  they  may  be  said  to  have  grown 
and  developed  with  the  growth  and  development  of  railroads  themselves, 
the  incompetents  having  been  gradually  weeded  out  as  the  standard  of 
competency  was  raised.  The  difficulty  I  find  with  trained  track  men, 
as  track  masters,  is  their  constant  tendency  to  work  directly  with  the 
men.  The  training  of  years  in  working  men  directly  seems  to  have 
incapacitated  them  for  the  working  of  men  through  the  agency  of  others. 
They  are  too  often  with  the  work  train  and  spend  too  much  time  Avith 
this  gang,  then  with  that.  If  a  section  shows  signs  of  poor  judgment  or 
neglect,  that  impatience,  born  of  their  own  skill  and  competency,  leads 
them  to  seek  the  remedy  by  too  constant  a  personal  direction,  and,  while 
the  track  is  made  better,  the  men  in  charge  are  not  improved,  so  the 
advantage  is  necessarily  short-lived.  They  seem  unable  to  surround 
themselves  with  the  proper  safeguards  and  checks  which  would  enable 
them  to  detect  dereliction  in  their  absence.  They  govern  by  special 
orders,  which  Aveaken  the  individuality  and  independence  of  the  men, 
rather  than  by  general  rules  calculated  to  develop  the  men  into  observ- 
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ing,  thinking  and  acting  entities.  They  do  not  make  sufficient  use  of 
pen  and  ink,  but  depend  upon  their  presence  and  personal  direction  for 
the  correction  of  every  evil,  and  thus,  while  the  poorer  sections  are 
improved,  the  general  tone  of  the  division  frequently  runs  down.  I 
am  not  here  speaking  of  men  of  long  and  tried  experience,  but  of  new 
appointments.  I  have  here  recounted  my  experience,  and  I  would  like 
to  hear  from  others, 

A  proper  length  for  sections  is  a  matter  of  great  importance,  and  so 
much  depends  upon  a  judicious  determination  of  the  length  of  track 
sections,  both  as  regards  the  efficient  and  economic  maintenance  of  road- 
way and  track,  that  I  hope  to  hear  the  fullest  and  freest  discussion  upon 
the  subject,  that  all  may  learn  and  profit  by  the  judgment  and  experi- 
ence of  others. 

For  the  purpose  of  dividing  a  line  of  railway  into  track  sections,  I 
assume  that  the  same  condition  of  rails,  ballast,  ties,  surface,  drainage, 
etc. ,  prevails  throughout — a  state  of  affairs  rarely  if  ever  existing.  For 
the  purpose  of  determining  the  proper  length  of  sections,  I  should  take 
no  heed  of  any  difference  in  the  conditions  named,  which  are  all  subject 
to  constant  and  radical  changes,  but  taking  cognizance  of  the  added 
work  of  freight-yards  or  portions  of  the  road,  the  physical  conditions 
of  which  are  such  as  to  permanently  require  more  labor,  1  should 
divide  the  division  into  sections  of  such  length  that,  when  in  good 
condition,  a  minimum  summer  force  will  be  large  enough  to  per- 
form all  work  on  the  sections,  including  the  handling  of  frogs,  timbers, 
rails  and  the  lining  of  track,  without  outside  aid.  But  perhaps  I  cannot 
better  explain  my  views  than  by  describing  the  plan  which,  with  the 
approval  of  Mr.  L.  H.  Clarke,  Chief  Engineer,  was  introduced  on  the 
Michigan  Southern  Division  of  the  Lake  Shore  and  Michigan  Southern 
Railway. 

I  have  taken  five  men  and  a  foreman  as  the  minimum  summer  force  to 
be  worked  on  the  track  sections  of  the  main  lines,  and  for  that  number 
of  men  the  sections  are  made  from  six  and  a  half  to  seven  miles  in 
length,  with  an  average  of  about  one  mile  and  a  half  of  passing  and 
station  side  tracks.  The  forces  in  excess  of  five  men  and  a  foreman 
allowed  for  the  summer's  work  are  not  equally  distributed  over  the 
sections,  but  are  distributed  by  the  road  master  according  to  the  wants 
of  each  section,  and  by  carefully  watching  the  condition  of  the  track,  and 
with  a  knowledge  of  the  work  to  be  done  on  each  section,  the  engineer 
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can  readily  see  if  the  men  have  been  judiciously  placed.  It  will  be  seen 
from  this  that  the  existing  condition  of  the  track  is  met  by  added 
forces  and  not  by  diminished  length  of  sections,  which  remain  fixed, 
unless  such  extensions  to  freight  yards  are  made  as  to  increase  the 
permanent  work  of  the  section,  which  might  render  a  redivision 
advisable. 

The  conditions  of  track  sections  are  subject  to  such  frequent  and 
systematic  changes,  by  the  laying  of  new^  rails,  reballasting,  etc.,  that  a 
redistribution  of  forces  can  often  be  made  to  the  advantage  of  the  work 
and  in  the  interest  of  economy.  Thus  the  section  which  last  year 
required  a  large  section  force  to  re-lay  with  rail  and  renew  with  ballast, 
requires  but  a  minimum  force  to  maintain  the  track  this  present  season, 
while  those  sections  laying  new  rails  and  reballasting  manifestly  need 
more. 

When  the  season  for  track  work  is  past  the  forces  are  reduced,  and  in 
winter  only  such  help  as  is  needed  for  the  daily  routine  track  work  of 
the  division  is  retained.  For  any  extra  work,  or  in  case  of  snow  or  any 
emergency  that  may  arise,  requiring  little  or  much  additional  labor,  the 
road  master  is  empowered  to  put  on  extra  forces  for  the  speedy  com- 
pletion of  the  extra  work  in  hand,  reporting  at  my  office  at  the  end  of 
each  week,  on  a  blank  form  prepared  for  that  purpose,  the  number  of 
extra  days'  labor  and  the  kind  of  work  performed.  In  this  manner  the 
efficiency  of  the  force  has  been  maintained  with  a  diminished  cost  of 
labor. 

Those  who  have  been  engaged  in  the  maintenance  of  roadway  and 
track  know  how  to  appreciate  good  section  foremen.  These  men  are 
generally  drawn  from  the  laboring  classes,  and  are  seldom  educated 
beyond  the  point  of  reading  and  writing  tolerably.  Their  track  education 
depends  largely  upon  the  instructions  received  from  their  supervisor, 
and  their  individuality  depends  largely  upon  the  impressions  derived  from 
constant  intercourse  with  their  superiors.  In  other  words,  the  section 
foreman,  possessed  of  the  natural  mechanical  qualifications,  is  otherwise 
largely  what  you  make  him.  The  general  rules  usually  issued  in  printed 
form  b}^  railway  companies,  for  the  government  of  section  foremen,  are 
generally  sufficient  to  govern  them  in  the  performance  of  their  routine 
duties.  Having  provided  the  foremen  with  this  book  of  rules,  the  neces- 
sary material,  and  with  the  tools  of  his  craft,  prominent  among  which  are 
the  track-gauge,  level  and  tamping  bar,  it  becomes  necessary  to  see  that 
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tlie  rules  are  properly  understood  and  cheerfully  obeyed,  tliat  the  mate- 
rial receives  proper  care  and  attention,  and  that  the  tools  furnished  are 
used  as  directed  and  in  a  proper  manner.  To  train  the  men  to  a  conscien- 
tious and  cheerful  compliance  with  the  rules,  to  stimulate  an  interest 
and  pride  in  the  track  men  as  to  the  condition  of  their  sections  and  the 
economy  of  their  work,  to  instruct  them  and  instill  into  their  minds  an 
appreciation  of  the  importance  of  a  proper  use  of  their  tools,  is  the  work 
of  those  having  track  forces  in  charge;  and  the  question  arises,  how  can 
these  ends  be  best  attained  ?  We  will  sometimes  see  the  section  fore- 
men of  an  entire  division  of  road  so  accustomed  to  sj)ecifio  orders  for 
doing  routine  work,  that  orders  are  awaited  when  the  work  should  be 
done  at  sight.  When  the  order  comes  the  work  is  accomplished,  and  the 
foreman  awaits  again  the  direction  of  the  track  master  to  direct  a  contin- 
uance of  his  work.  Upon  the  other  hand,  we  will  find  on  track  divisions 
foremen  who  are  always  at  work,  and  most  generally  at  the  point  where 
the  work  is  needed.  This  difference  comes  of  the  manner  of  treatment 
and  of  a  difference  in  training.  In  the  first  case  we  see  the  logical  results 
of  too  frequent  specific  orders  and  the  constant  personal  direction  of 
routine  details,  instead  of  training  the  men  to  perform  the  work  them- 
selves; hence  the  men  learn  more  and  more  to  rely  upon  the  judgment 
of  the  road  master.  In  the  other  illustration  we  see  the  natural  results 
of  properly  instructing  the  men  in  the  details  of  their  work,  in  a  manner 
to  cultivate  a  spirit  of  self-reliance  and  a  sense  of  their  responsibility. 
In  my  opinion,  it  is  unwise  for  the  road  master  to  direct  the  routine  work 
of  the  section.  If  the  foreman  is  incompetent  and  cannot  learn,  he  has 
no  business  to  be  in  charge  of  men.  If  he  is  capable,  teach  him  to 
properly  direct  his  work  ;  if  his  methods  are  faulty,  correct  them;  if  his 
judgment  is  defective,  invigorate  and  perfect  it.  When  work  is  not 
being  properly  done,  road  masters  are  far  too  apt,  while  on  the  ground, 
to  take  the  direction  of  the  gang  out  of  the  foreman's  hands,  instead  of 
instructing  him  and  requiring  him  to  amend  and  perfect  his  modes  of 
operation.  In  this  manner  men  gradually  learn  to  depend  upon  the 
road  master  in  matters  which  they  should  determine  for  themselves,  and, 
in  the  absence  of  the  road  master  on  that  section,  which  necessarily 
must  be  the  larger  portion  of  the  time,  old  systems  and  discarded 
methods  will  prevail.  To  strengthen  the  individuality  of  the  foreman 
and  lessen  his  dependence  upon  ,others,  and  to  promote  a  self-reliant 
spirit,  I  would  frequently  ask  him  his  plans  of   work  for  the  morrow. 
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If  his  plans  are  judiciously  laid,  I  would  approve;  if  faulty,  criticise  and 
correct  them.  By  this  method  we  attain  the  same  end  as  by  direct 
instruction,  and  at  the  same  time  teach  the  men  to  observe  and  think. 
With  this  treatment  foremen  soon  learn  to  plan  their  work  ahead,  to  be 
prepared  to  tell  you  when  you  ask,  and  it  soon  becomes  a  habit.  Fore- 
men will  also  bring  every  faculty  to  bear  upon  the  subject  before  deter- 
mination, that  their  plan  may  meet  with  your  approval,  and  thus  avoid 
your  criticism  and  correction.  If  any  work  on  the  section  is  defective 
by  reason  of  oversight  or  neglect,  do  not  order  the  defect  remedied, 
but  ask  the  foreman,  "  why  it  has  not  been  done  before  ?"  The  direct 
result  upon  the  track  will  be  the  same.  The  diflference  in  the  manage- 
ment seems  slight,  but  the  moral  effect  upon  this  class  of  men  is  widely 
different  and  far-reaching  in  results.  They  will  soon  learn  to  watch 
for  and  detect  the  defects  of  their  section  and  remedy  the  same  on  sight, 
to  avoid  the  censure  of  dereliction  to  duty,  and  the  road  master  will  find 
that  not  one  order  is  necessary  where  he  gave  ten  before.  I  would 
observe  the  same  method  throughout,  and  in  every  way  discourage  that 
spirit  of  dependency  which  is  much  too  prevalent,  and  stimulate  the 
observing  faculties  and  prompt  to  thought  the  mind  of  the  section  fore- 
man, and  he  will  thus  become  a  thinking  entity,  instead  of  a  mere 
instrument  with  which  to  execute  an  order.  I  have  spoken  thus 
minutely  of  the  treatment  of  section  foremen,  as  I  have  seen  the  good 
results  following  the  course  of  action  prescribed. 

Two  seasons  I  made  a  tour  of  my  division  on  a  hand-car,  aggregating 
some  nine  hundred  miles  of  line,  examined  each  section  and  personally 
inspected  the  work  of  every  foreman.  I  think  the  contact  was  of  mutual 
benefit.  I  certainly  became  more  familiar  with  the  class,  and  my  sym- 
13athy  and  admiration  for  them  were  both  enlarged.  The  advantage 
gained  was  not  confined  to  the  trips  I  made,  but  the  foremen  expect  me 
each  year  and  prepare  their  track  for  my  coming.  I  have  found  the 
criticisms  of  the  previous  year  were  never  made  in  vain. 

I  am  only  sorry  that  in  some  years  my  engagements  are  such  as  to 
prevent  my  making  this  very  interesting  and  profitable  trip.  When  we 
consider  the  large  proportionate  cost  of  labor  in  making  track  repairs, 
we  can  realize  how  little  we  have  done  to  improve  the  section  foreman. 
He  is,  in  a  great  measure,  what  he  has  made  himself. 

Inventors  have  taxed  their  ingenuity  and  have  devised  and  tested 
many  forms  of  fastenings  to  improve  our  joints  ;   engineers  and  en- 
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gineering  societies  have  devoted  themselves  to  the  discovery  of  some 
economic  plan  of  preserving  ties  and  timber  from  decay  ;  railroads  have 
kept  careful  and  elaborate  records  of  the  life  of  rails  ;  mechanical  tests 
and  chemical  analyses  have  been  made  to  determine  the  composition 
best  adapted  for  our  use;  while  this  important  factor  in  the  maintenance 
of  way,  the  section  foreman,  how  little  we  have  studied  him  !  and  yet 
upon  his  shoulders  largely  rests  the  work  of  properly  caring  for  this 
material,  which  every  branch  of  our  profession  has  contributed  its  full 
share  of  scientific  research  and  experience  to  perfect. 

It  is  largely  with  a  view  of  impressing  upon  the  mind  of  the  foreman 
his  personal  responsibility  and  individual  accountability  for  the  condi- 
tion of  his  section,  that  I  discontinued  the  use  of  extra  gangs  in  the 
making  of  ordinary  track  repairs.  Prior  to  making  the  change,  the  ex- 
tra gang  was  charged  with  being  the  author  of  all  the  ills  from  which  the 
section  suffered,  and,  although  the  extra  gang  was  thus  made  the  scape- 
goat, it  was  not  without  some  shadow  of  justice.  An  extra  gang  fore- 
man has  no  interest  in  the  section  upon  which  he  is  engaged,  excepting 
to  complete  the  work  laid  out  for  him,  which  he  frequently  does  with 
more  reference  to  speed  than  thoroughness.  Particularly  is  this  the 
case  when  the  point  at  which  the  men  are  working  afibrds  poor  or  ex- 
pensive living  accommodation  for  the  men. 

In  my  experience,  even  under  the  most  favorable  circumstances,  the 
work  was  not  done  with  that  view  to  permanence  which  a  section  fore- 
man has  in  mind.  Since  discontinuing  these  gangs,  I  have,  when  re- 
quired, as  stated  in  the  first  part  of  this  paper,  added  men  to  the  regular 
gangs,  and  have  found  the  work  better  done,  and  have  left  no  chance 
for  the  foreman  to  shirk  responsibility  concerning  the  condition  of  his 
section.  The  objection  to  extra  gangs  does  not  extend  to  construction 
or  extra  work,  where  they  can  frequently  be  used  to  advantage,  but  I 
avoid  their  use  for  regular  section  work  as  much  as  circumstances  will 
allow. 

This  tendency  to  a  want  of  thoroughness  in  making  repairs  to  track, 
although  more  marked,  is  not  confined  to  extra  gang  foremen.  The 
importance  of  strict  thoroughness  is  not  understood  or  appreciated  by 
nine-tenths  of  the  section  foremen,  and,  I  may  say,  three-fourths  of  the 
road  masters  of  the  country.  In  nothing  do  these  men  need  to  be  so 
fully  drilled  as  in  the  importance  of  thorough  and  conscientious  track 
work,  particularly  in  tamping,  to  stand  the  service  to  which  our  tracks 
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are  subjected.     To  track  foremen  the  condition  of  the  track  is  largely 
a  matter  of  appearance  to  the  eye,  and  too  frequently  they  are  led  into 
hurried  styles  of  work,  covering  too  much  ground  in  a  day,  often  im- 
pelled by  a  desire  to  make  a  better  showing;  they  are  content  to  shovel 
tamp,  or,  if  bars  are  used,  the  work  is  not  well  done,  and,  though  the 
track  may  be  very  pleasant  to  look  at,  a  few  weeks'  traffic  destroys  the 
surface,  line  and  level,  and  the  same  track  must  again  receive  attention. 
Much  of  our  defective  track  is  due  to  careless  and  insufficient  tamp- 
ing.    In  all  cases  where  the  track  is  being  surfaced  I  require  the  tamp- 
ing bar  to  be  used.     Insufficient  bar  tamping  is  almost  invariably  fol- 
lowed by  general  instability  of  the  track,  which,  even  while  in  fair  level 
and  surface,  can  readily  be  noticed  while  riding  over  it.     As  might  be 
expected,  the  surface  and  level  are  soon  destroyed,  the  spikes  pull,  ties 
churn,  rails  cut  into  good  oak  ties,  and  it  is  no  uncommon  thing,  even  on 
our  best  roads,  to  see  the  ties  of  one  section  badly  cut  in  by  the  flange 
of  the  rail,  while  the  adjoining  sections,  with  the  same  general  condi- 
tion of  road-bed,  ballast  and  material,  are  almost  entirely  free  from  the 
evils  mentioned.     This,  I  am  satisfied,  is  largely  attributable  to  the  dif- 
ference in  tamping.     On  the  division  of  road  under  my  charge  we  have 
used  the  tamping  bar  entirely  for   surfacing  and  leveling  track,  and, 
while  the  results  were   gratifying,  there   remained  much  room  for  im- 
provment.     The  commendable  desire  of  foremen  to  go  over  the  entire 
section,  coupled  with  a  lack  of  calculation  to  ascertain  the  daily  per- 
formance necessary  to  attain  that  end,  even  with  good,  ambitious,  con- 
scientious men,  often  leads  to  less  thoroughness  of  work  than  I  deem 
essential  to  a  proper  and   economical  maintenance  of  way.     I  found, 
almost  invariably,  that  our  active  but  slower-going  foremen  in  the  seem- 
ing amount  of  work  performed  had  the  best  and  most  enduring  track. 
I  have  a  number  of  cases  in  my  mind,  but  one  so  marked  that  I  will 
mention  it.     The  section  in  question  is  one  of  the  hardest  to  maintain 
on  the  line,  having  many  curves  and  a  continuous  heavy  grade.     The 
sections  east  and  west  were  of  the  same  general  character,  but  in  a  less 
degree.     The  three  sections  had  what  one  would  call  good  section  fore- 
men,  and   yet  the  section  of   which  I  speak,  although  the  hardest  to 
maintain,  was  always  in  better  condition  than  the  other  two.      I  could 
tell  it  upon  the  train  the  minute  the  car  crossed  the  section  line,  by  a 
firmness  and  stability  which  was  quite  marked  in  comparison.     In  fall 
and  spring  this  section  was   invariably  in  better  condition  and  repair 
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than  its  neighbors.  An  investigation  showed  that,  in  his  summer  work, 
while  equally  energetic,  the  foreman  did  not  get  over  more  than  three- 
fourths  the  ground  worked  in  a  day  on  the  adjoining  sections,  which  led 
me  to  believe  more  thorough  work  was  done.  I  have  seen  good,  ener- 
getic, faithful  foremen  fail  because  they  tried  to  get  over  too  much 
ground.  I  determined  to  correct  this  evil,  and  for  that  purpose  intro- 
duced the  accompanying  blank,  and  will  explain  the  uses  to  which  it 
has  been  put. 

The  blank  gives  a  classification  of  section  work,  and  provides  for  the 
record  of  the  labor  performed  each  day.  The  foremen  are  required,  at 
the  close  of  the  day's  work,  to  record  the  number  of  hours'  labor  per- 
formed on  the  different  kinds  of  work.  Blank  columns  are  provided  to 
be  filled  out  in  case  of  any  unclassified  labor  being  done.  In  this  man- 
ner nothing  has  to  be  transcribed,  and  nothing  is  left  to  the  memory  of 
the  foreman,  thereby  affording  an  excellent  basis  for  the  proper  distri- 
bution of  the  pay-rolls.  Under  the  heading  of  '*  Track  Work,"  all  time 
consumed  in  the  work  of  general  repairs  is  recorded,  including  surfac- 
ing, leveling,  lining,  etc.  Against  this,  and  on  another  column,  stands 
the  heading  :  ''Track  Completed,"  which  shows  the  number  of  feet  of 
track  thoroughly  repaired,  so  as  to  be  considered  finished  track.  Early 
in  the  season  the  road  master  selects  a  piece  of  track  on  each  section 
needing  an  average  amount  of  labor  to  put  it  in  thorough  repair.  In 
the  road  master's  presence  the  gang  is  worked  steadily  during  the  day, 
and  everything  is  done  with  a  view  to  permanence  and  thoroughness. 
At  the  end  of  the  day  the  work  is  measured,  and  it  stands  as  a  check 
upon  the  average  day's  work  upon  the  section.  The  foreman  distributes 
the  labor  and  records  the  track  completed  for  each  day's  work,  and  at 
the  end  of  the  week,  the  blanks  being  filled,  they  are  returned  to  the 
road  master,  by  whom  they  are  examined  and  irregularities  noted. 

A  recapitulation  of  the  week's  work  on  each  section  is  returned  to 
me  for  examination  and  comparison.  If  the  amount  of  work  done  ex- 
ceeds the  recorded  average,  one  of  two  conditions  will  be  found  to  exist: 
either  the  amount  of  work  required  at  the  point  in  course  of  repair  is 
less  than  an  average  of  the  section,  or  else  the  work  is  being  less 
thoroughly  done,  which  can  be  determined  by  the  personal  inspection 
of  the  road  master  or  the  engineer.  If,  on  the  other  hand,  the  track 
completed  shows  to  be  less  than  the  average,  either  the  amount  of  work 
to  be  done  is  greater  than  the  average,  or  the  time  and  labor  of  the  men 
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have  not  been  fully  utilized  or  have  been  misdirected  by  the  foreman. 
Again,  an  examination  by  the  road  master  will  reveal  the  fact,  and  the 
want  of  thoroughness  in  the  one  case,  or  the  dereliction  of  duty  in  the 
other,  will  be  discovered,  and  can  be  remedied  at  once. 

An  examination  of  the  blank  will  show  that,  if  other  than  track  work 
is  performed,  which  would  reduce  the  amount  of  track  completed,  it 
will  be  recorded  under  its  proper  head  upon  the  blank,  so  the  average 
work  completed  per  man  per  hour  can  always  be  determined.  The 
advantages  of  such  a  blank  are  manifold.  It  enables  a  comparison  of 
the  methods  and  direction  of  the  work  by  the  most  successful  foremen 
with  those  whose  standing  is  not  so  high,  although,  perhaps,  equally  as 
ambitious  and  faithful.  It  also  gives  an  office  record  of  the  progress  of 
the  season's  work,  and  if  any  construction  work  is  contemplated  it  can  be 
readily  ascertained  if  the  regular  forces  can  be  used  to  advantage,  or  if 
the  use  of  extra  gangs  is  expedient.  It  also  assists  in  the  placing  of 
men  and  the  distribution  of  forces  by  aiding  the  judgment  and  the  eye 
with  a  presentation  of  figures  showing  the  actual  progress  of  the  sea- 
son's work. 

Each  week  I  require  the  section  foremen  to  report  the  number  of 
track  bolts  tightened  between  mile-posts  on  their  respective  sections, 
giving  the  style  of  lock  or  washer  used  on  the  bolts  so  tightened.  This 
report  gives  me  at  all  times  data  for  comparison  between  the  various 
locks  and  washers,  besides  leading  to  an  improvement  in  the  condition 
of  our  joints.  Under  the  same  rules,  and  with  the  same  instructions, 
I  find  the  bolts  have  been  more  carefully  watched  since  I  thus  required 
the  foremen  to  put  themselves  on  record. 

In  the  working  of  section  gangs,  I  would  recommend  that  the  force 
be  started  at  the  poorest  part  of  the  section  and  be  required  to  work  to 
some  definite  point,  finishing  everything  as  they  go;  and  certainly,  in 
my  experience,  those  road  masters  who  have  followed  this  plan  the 
closest  have  been  the  most  successful.  It  may  be  necessary,  at  times,  to 
deviate  from  this  line  of  action  and  do  scattering  work  on  the  section, 
but  this  working  a  little  here,  there  and  everywhere  should  be  avoided 
as  much  as  possible  and  the  work  carried  on  continuously.  Section 
foremen,  as  a  rule,  when  instructed  to  work  in  the  manner  stated,  are 
generally  skeptical  of  the  result,  because  of  their  poor  calculation. 
When  they  see  the  short  piece  of  ti'ack  completed  in  a  day,  they  regard 
it  as  an  almost  hopeless  task,  but,  as  the  work  of  each  succeeding  day  is 
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added,  they  take  new  courage,  and  ^vllcn  the  first  month's  work  is  done 
they  seem  imbued  with  a  strong  desire  to  finish  to  the  end.  The  moral 
effect  upon  the  men,  to  say  nothing  of  the  advantage  of  systematic  work, 
is  excellent.  Track  thus  repaired  is  definitely  located,  and  by  the  aid 
of  the  report  heretofore  mentioned,  the  condition  of  completed  or 
finished  track  can  be  examined  and  its  riding  and  lasting  qualities  de- 
termined, from  time  to  time.  If  defects  are  discovered,  the  cause  can 
be  ascertained  and  the  foreman  instructed  to  do  better,  or  if  the  result 
of  incompetence,  the  foreman  can  early  be  removed,  leaving  the  best 
part  of  the  season  to  his  successor,  while  it  too  often  happens  that 
changes  are  not  made  until  late  in  the  season,  when  additional  material 
and  increased  forces  are  required  to  make  amends  for  the  misdirected 
labor  of  the  summer  months. 

In  using  blanks,  statements  of  material  used  and  of  labor  performed 
should  never  appear  together.  Foremen  have  the  impression,  in  filling 
out  such  blanks,  that  the  more  material  used  for  a  certain  amount  of 
labor,  the  better  is  their  record,  and  a  wasteful  use  of  material  is  liable 
to  result.  In  re-laying  ties  this  is  very  noticeable,  it  being  much  easier 
and  involving  less  labor  per  tie  to  take  a  number  out  together  than  to 
simply  remove  the  ties  that  should  be  removed.  Foremen  sometimes 
take  out  ties  good  for  tw  o  or  three  years,  because  a  better  show'ing  for 
their  labor  can  be  made,  and  the  too  free  use  of  ties  at  one  point  results 
in  a  too  sparse  use  at  another,  or  in  a  waste  of  ties  and  money.  Fore- 
men should  be  trained  to  take  out  all  jDoor  ties  and  to  let  all  others  re- 
main, and  to  exercise  the  same  thought  and  economy  in  handling  the 
company's  material  as  in  the  management  of  their  own  households.  In 
educating  the  men  to  a  Judicious  use  of  ties,  perseverance  and  much 
patience  will  be  required,  as  they  frequently  go  from  one  extreme  to 
another,  but  when  once  attained,  a  better  tied  road,  at  less  cost,  will 
amply  repay  your  efforts.  A  good  corrective  is  to  pile  the  old  ties  upon 
the  right  of  way,  and  to  have  the  piles  examined  by  the  road  master  be- 
fore burning,  while  the  ties  remaining  in  the  track  are  constantly  before 
his  eyes  for  inspection,  and  the  correctness  of  the  foreman's  judgment 
can  be  determined. 

I  hope  the  suggestions  in  this  paper  may  draw  out  criticisms  and 
suggestions  from  those  experienced  in  this  line  of  work.  Mr.  W.  P. 
Shinn,  in  his  able  paper  upon  "  The  More  Efficient, "  etc. ,  gives  the  average 
cost  of  labor  for  five  years,  1878-1882,  on  the  track  repairs  of  the  Pitts- 
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burgli,  Fort  Wayne  and  Chicago  Railway,  as  being  SiVo  cents  per  engine 
mile,  while  the  cost  of  rails  was  only  1  i^o^o  cents  per  engine  mile.  We  all 
know  that  labor  constitutes  the  greater  part  of  the  expense  in  track 
repairs,  and  certainly  the  proper  direction  and  management  of  that  labor 
is  worthy  of  our  attention.  For  my  part,  I  have  found  it  one  of  the  most 
perplexing  problems  to  attain  the  full  measure  of  efficiency  at  a  mini- 
mum cost  for  labor.  None  can  appreciate  the  anxiety  of  mind  so  often 
experienced  in  working  large  numbers  of  men,  scattered  over  a  long 
line  of  railway,  until  he  realizes  that  upon  the  sobriety,  intelligence 
and  conscientious  attention  to  duty  of  these  men  the  safety  of  so  many 
lives  and  property  depends.  Of  necessity,  the  greater  part  of  the  sec- 
tion man's  work  and  responsibility  must  come  to  him  when  unaided  by 
his  superior's  judgment  and  experience,  and  to  meet  those  duties  prop- 
erly, and  to  make  foremen  as  efficient  in  our  absence  as  in  our  presence, 
it  is  clearly  our  duty  to  preserve  the  track  man's  manhood,  promote  his 
self-reliance,  better  his  judgment  and  improve  his  understanding,  and 
when  this  has  been  accomplished  the  reward  will  come  with  more  effi- 
cient service  and  reduced  expenses. 
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ERRATA. 

Paper  CCXCI.  Levee  Theory  Tested  by  Facts :  —Kobert  E.  McMath. 
Vol.  XIII,  October,  1881. 

Page  345.  The  last  two  paragraphs  of  the  text,  from  the  words  "Diagrams 
3  and  4,"  to  "means  of  improvement,"  should  be  taken  from  the  text  and  put 
at  the  end  of  the  foot-note  on  the  same  page. 

Page  347.  For  statement  of  exhibit  of  the  effects  of  cutting  out  at  BuUer- 
ton  Bar,  substitute  as  follows  : 

The  following  is  an  exhibit  of  the  effects  of  cutting  out  at  Bul- 
lerton  Bar  between  dates  : 

1875,  Oct.  6,  depth  6'.5,  reference  of  crest  to  low  water,  1879,     +3'.5 
"     Nov.  6,    "        6'. 5,  "  "  "  "        — 2'.1 

Cutting  down  of  bar  in  thirty-one  days 5'. 6 

1876,  Aug.  18,  depth  7'.0,  reference  of  crest  to  low  water,  1879,  -j-^'-^ 
"    Oct.  27,       •"      7'.0,         "  "  "  "      — 0'.8 

Cutting  down  of  bar  in  seventy  days 5'. 4 

1877,  Aug.  24,  depth  6'.0,  reference  of  crest  to  low  water,  1879,  -|-0'.5 
"     Sept.    7,       '•     6'.5,         "  "  "  "    — I'.O 

26,       "     5.5,  "  "  "  "     — 0'.4 

"      Oct.    10,      "     7'.0,         "  "  "  "    — 4'.3 

Cutting  down  of  bar  in  forty-seven  days 4'. 8 

1879,  Sept.  21,   depth  6'. 5,  reference  of  crest  to  low  water,  1879,  — 1'.4 

"     Oct.    20;       "       6'. 5,         "  "  "  "     — 4'.9 

Cutting  down  of  bar  in  twenty-nine  days 3'.5 
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EXPERIMENTS  WITH  NEW  APPARATUS  ON  JOUR- 
NAL FRICTION  AT  LOW  VELOCITIES. 


By  A.  M.  Wellington,  M.  Am.  Soc.  0.  E. 
Read  June  4th,  1884. 


WITH  DISCUSSION. 


The  following  experiments  were  undertaken  by  the  writer  in  the  win- 
ter of  1878,  primarily  to  test  the  correctness,  especially  in  respect  to 
initial  friction  at  low  velocities,  of  a  series  of  other  tests  of  rolling  stock 
resistances,  made  in  a  totally  different  manner,  on  the  Lake  Shore  and 
Michigan  Southern  Railway,  under  the  direction  of  Charles  Paine,  Member 
and  ex-President  of  the  Society,  who  kindly  furnished  the  writer  all  ne- 
cessary facilities,  A  report  of  these  tests  was  published  in  the  Transac- 
tions of  the  Society  for  February,  1879,  but  it  may  be  repeated  here  that 
the  mode  of  test  -was  by  what  may  be  called  the  gravity  or  "drop  test," 
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starting  cars  from  a  state  of  rest  down  a  known  grade  and  deducing  the 
resistances  from  the  velocity  acquired.  By  the  aid  of  appropriate  elec- 
trical apparatus,  which  was  perfected  after  some  experimenting,  time- 
records  were  obtained  which  were  easily  read  to  one-hundredths  of  a 
second,  with  a  probable  error  of  one  or  two  hundredths  of  a  second  ;  and 
the  probable  error  in  computation  was  thus  reduced  to  a  very  small 
margin — certainly  less  than  0.1  pound  per  ton  of  resistance.  As  the 
number  of  tests  made  was  also  great,  so  as  to  constitute  an  effective  check 
upon  the  only  possible  source  of  error,  carelessness  or  oversights  in  com- 
putation, the  probability  of  any  essential  error  was,  in  reality,  very  small. 
Nevertheless,  the  results  obtained  differed  so  widely  from  the  expecta- 
tions of  the  writer,  and  from  the  then  supposed  laws  of  friction,  that  some 
different  and  direct  mode  of  test  seemed  desirable  as  confirmatory  evi- 
dence. A  further  motive  for  making  them  was  the  dissatisfaction  of  Mr. 
A.  Higley,  inventor  of  the  Higley  roller- journal  bearing,  in  extensive 
use  on  horse  cars,  and  then  under  test  for  railroad  cars  on  the  Lake 
Shore  and  Michigan  Southern  Eailway,  who  was  disappointed  at  the 
small  advantage  shown  for  his  patent  in  the  drop  tests,  and  who  requested 
that  such  secondary  and  independent  tests  should  be  made. 

It  may  be  further  premised,  that  in  the  drop  tests  referred  to  there 
were  11  electric  stations,  and  that  the  passage  of  each  wheel  in  the  car  or 
train  undergoing  test  over  each  station  left  its  record  on  the  record  tape 
alongside  of  the  record  of  a  pendulum  beating  seconds,  the  pendulum 
being  used  because  it  had  been  found  impossible  to  give  an  absolutely 
uniform  feed  to  the  tape.  In  this  manner,  data  for  computing  resist- 
ances in  each  test  for  15  to  20  different  and  gradually  increasing  velocities 
were  obtained,  and  at  the  lower  velocities  especially  the  data  were  super- 
abundant. 

Constant  occupation  with  other  duties  has  prevented  the  writer  here- 
tofore from  making  any  formal  presentation  of  the  result  of  the  direct 
tests  to  be  here  described. 

The  Apparatus. 

The  apparatus  used  is  shown  with  suflQcient  clearness  in  Fig.  1.  It  is 
extremely  cheap  and  simple,  but  fulfills  its  purpose  as  perfectly  as  could 
be  desired,  and  is  believed  to  be  entirely  novel.  The  axle  A  to  be 
tested  is  placed  in  an  ordinary  lathe,  having  as  great  a  variety  of 
sj^eeds  as  possible.      The    testing    apparatus,  as   actually  constructed, 
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consisted  of  an  oak  beam,  C,  about  4"  x  4''  in  size,  and  about  5  feet  long, 
carrying  the  compound  lever,  L  L^,  each  of  which  multiplies  the  load  ap- 
plied about  11  times,  or,  in  the  aggregate,  125  times.  The  yoke  E  en- 
circles the  axle  and  bears  against  the  brass  B  underneath  it,  thus  fur- 
nishing the  necessary  resistance  to  the  action  of  the  levers  and  throwing 
the  same  load  upon  the  lower  brass  B  as  is  imposed  by  the  levers  directly 
on  the  upper  brass  by  transmission  through  the  pin  D,  the  latter  being 
passed  through  a  hole  in  the  beam  C.  The  pressure  was  transmitted  to 
both  the  upper  and  the  lower  brass  by  suitable  iron  blocks  (shown  in  the 
cut  directly  above  and  below  the  brasses),  representing  as  nearly  as  might 
be  the  ordinary  form  of  the  top  of  a  journal  box. 
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As  thus  constructed,  it  will  be  seen  that  the  entire  apparatus  (when 
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properly  balanced,  which  is  perfected  by  the  light  counterpoise  H)  is 
poised  in  unstable  equilibrium  on  the  axle  A,  and  opposes  no  resistance 
to  motion  in  either  direction,  except  such  as  arises  from  friction.  A  very 
heavy  load  may  be  thrown  on  the  bearings,  viz.,  6000  pounds  (3000 
pounds  on  each  bearing)  for  every  24  pounds  of  load,  W  placed  on  the 
extremity  of  the  compound  lever,  but  the  only  weight  thrown  upon  the 
lathe-centres  is  the  dead  weight  of  the  apparatus  itself,  which  was  kept 
constant  at  205  pounds. 

The  load  thrown  upon  the  bearings  by  this  apparatus  consists  (1)  of 
the  dead  weight  of  the  entire  apparatus,  including  both  brasses,  the 
weights  W,  and  all  intermediate  parts;  which  rests  entirely  on  the  upper 
brass  B  ;  (2)  the  load  thrown  upon  the  pin  D  by  the  weight  of  the  levers 
themselves,  which  was  determined  by  fixing  the  centre  of  gravity  of 
each  lever  L  and  Zi  by  balancing  it  upon  a  knife  edge,  and  then 
considering  the  weight  of  each  to  be  concentrated  at  its  centre  of 
gravity;  and  (3)  the  strain  produced  on  the  levers  by  the  addition  of  the 
weights    W. 

These  last  two  strains,  (2)  and  (3),  produce  an  equal  reaction  against 
the  upper  brass  (through  the  pin  JD)  and  the  lower  brass  (through  the 
yoke  £J),  whereas  the  dead  weight  of  the  apparatus,  although  likewise 
transmitted  through  the  levers  to  the  pin  D,  produces  no  reaction 
against  the  lower  brass.  It  is,  at  first  sight,  somewhat  confusing  to  see 
how  both  the  dead  weight  of  a  load  W,  and  the  same  weight  W  as  mul- 
tiplied by  leverage^  can  reach  the  upper  brass  by  transmission  through 
the  same  levers  to  the  same  pin  D  and  brass  5,  as  they  plainly  do,  and 
yet  in  the  one  case  produce  an  equal  reaction  against  the  lower  brass, 
and  in  the  other  not ;  but  the  reason  will  be  clear  if  we  conceive  the 
levers  to  be  blocked  up  so  as  to  be  inoperative.  The  centre  of  gravity 
of  the  entire  apparatus  (after  having  been  properly  balanced  by  the 
counterpoise  E)  is  directly  above  the  pin  D,  and  produces  strain  upon 
the  upper  brass  only.  By  removal  of  the  blocking  the  conditions  as 
respects  dead  weight  are  in  no  way  changed,  but  the  additional  strain 
caused  by  the  leverage  is  added  to  that  heretofore  transmitted  through 
the  pin  i),  and  this  latter  only  produces  reaction  against  the  lower 
brass  through  the  yoke  E. 

By  this  arrangement  the  pressure  upon  the  two  brasses  is  never  ex- 
actly equal,  that  on  the  upper  brass  being  always  in  excess  by  205 
poands,  or    8.5    pounds    per    sq.  in.   of  journal  section.      Under  the- 
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heavier  load,  however,  this  error  is  so  far  below  other  causes  modifying 
friction  that  there  is  no  error  of  any  moment  in  taking  the  entire 
pressure  against  both  brasses  and  dividing  it  by  2  for  the  pressure  on 
each. 

When  the  axle  A  is  caused  to  revolve,  the  lever  C  is  held  stationary 
by  the  platform  scale,  and  it  is  obvious  that  the  pressure  produced  upon 
the  scale  furnishes  an  exact  and  direct  measure  of  the  journal  friction. 
It  was  found  in  practice  that  this  pressure,  varying  from  10  to  140 
pounds  with  the  proportions  actually  adopted,  could  be  weighed  with  as 
much  delicacy  and  ease  as  if  it  were  a  material  substanfte  resting  upon 
the  platform  of  the  scale.  Under  a  given  load  and  speed  of  journal  the 
friction  produced,  although  it  did  not  remain  absolutely  stationary, 
varied  so  very  little  and  so  slowly  that  the  beam  of  the  scale  would 
sometimes  vibrate  slowly  and  gently  between  the  guards  (sometimes 
touching  the  upper  one  and  again  returning  to  the  lower,  but  for  the 
most  part  touching  neither)  for  10  or  15  minutes  at  a  time.  On  the 
other  hand,  when  the  brass  was  growing  hot,  by  continuing  the  test  for 
a  considerable  time,  the  friction  would  continue  to  increase  so  that  the 
scale-weight  had  to  be  continually  moved  ;  but  the  change  was  never  so 
rapid  but  that  it  could  be  easily  followed  and  studied  with  the  scale, 
with  an  absolute  certainty  that  the  friction  existing  for  the  moment  was 
being  accurately  weighed.  The  difiference  in  friction  caused  by  tempera- 
ture was  found  to  be  a  very  great  one,  as  will  appear  in  the  summary  of 
results,  but  in  the  absence  of  arrangements  for  accurately  determining  the 
temperature,  no  very  close  results  as  to  its  precise  efifect  were  attempted 
or  claimed. 

Considerable  trouble  during  the  tests  was  experienced  from  a  ten- 
dency to  heat,  owing  mainly,  it  is  believed,  to  the  crude  form  in  which 
the  apparatus  was  actually  constructed  ;  a  difficulty  which  it  would  be 
easy  to  correct  had  opportunity  favored  to  construct  a  more  carefully 
proportioned  and  permanent  apparatus  ;  but,  as  the  plan  of  the  tests 
contemplated  only  a  limited  range  for  a  single  specific  purpose,  and  also 
required  that  the  conditions  should  be  such  as  actually  obtain  in  rail- 
road service,  this  was  not  found  necessary.  When  the  bearings  began 
to  grow  hot  they  were  removed,  and  the  effect  was  tried  of  simply 
cooling  them  with  water,  as  in  railroad  service  (although  somewhat  more 
carefully).  On  replacing  them  it  would  often  be  found  that  they  would 
run  cool  for  hours,  during  an  entire  series  of  tests,  after  warming  up  to  a 
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temperature  of  75°  to  80°  F,  which  seems  to  be  that  of  minimum  fric- 
tion, which  bearings  naturally  assume  when  in  good  condition,  under 
such  loads  as  are  usual  in  railroad  service. 

As  the  failures  in  designing  such  apparatus  are  as  instructive  as  the 
successes,  it  may  be  noted  that  the  entire  success  of  this  apparatus  depends 
upon  the  use  of  a  platform  scale,  or  some  equivalent  device  for  weighing 
the  strains,  in  which  the  measurement  of  the  strains  is  as  nearly  as  may 
be  absolutely  statical,  no  motion  of  the  bearing  whatever  being  neces- 
sary in  order  to  express  a  variation  of  friction.  It  was  at  first  attempted  to 
use  spring  scafes  to  measure  the  friction,  with  the  idea  that  variations  of 
friction  could  be  more  delicately  and  readily  read.  The  vibration  which 
would  almost  instantly  set  up,  seemed  to  indicate  quick  and  great  irreg- 
ularities of  friction,  and  absolutely  forbade  any  useful  indications  from 
the  readings.  A  heavy,  constant  weight  was  then  added  to  the  scale,  in 
order  to  oppose  by  its  inertia  any  too  rapid  vibrations.  Checks  of  va- 
rious kinds  to  restrain  the  vibration  within  limits,  and  also  extra  stiff 
springs,  with  a  multiplying  indicator  to  give  delicacy  of  reading,  were 
tried  ;  but  all  such  remedies  were  found  absolutely  useless,  until 
the  trial  of  the  platform  scale,  as  a  last  resort,  furnished  a  complete 
remedy  for  the  difficulty.  Even  with  a  platform  scale,  an  infinitesimal 
motion  of  the  entire  apparatus  must  take  place  to  cause  the  beam  of  the 
scale  to  vibrate,  but  this  motion  is  so  exceedingly  minute  that  it  at  least 
had  the  effect  to  reduce  the  irregular  changes  to  so  small  an  amount  as 
to  indicate  that  the  variations  then  existing  would  not  have  been  suffi- 
cient to  cause  such  violent  vibrations  as  had  previously  occurred,  thus 
indicating  that  the  latter  must  furnish  in  the  main  their  own  cause.  The 
well-known  pendulum  testing  machine,  designed  by  Prof.  R.  H.  Thurs- 
ton, from  which  such  excellent  work  has  been  obtained,  does  not  seem 
to  be  affected  by  any  such  difficulty,  at  least  at  the  high  speeds  at  which 
it  is  used,  although  it  relies  solely  upon  the  motion  of  the  bearing  in 
order  to  express  difference  of  friction  ;  but  as  its  indications  in  one  im- 
portant respect,  which  will  be  spoken  of  below,  do  not  agree  with 
those  obtained  by  the  writer,  it  is  here  suggested  as  a  possible  (and 
it  is  believed  true)  explanation  of  this  discrepancy,  that  the  indi- 
cations of  such  an  apparatus  cannot  be  fully  relied  on  at  a  time 
when  rapid  variations  of  co-efficient  are  known  to  be  taking  place. 
For  it  is  plain  that  when  a  change  of  coefficient  is  taking  place, 
which   must  not  only   express   itself  statically  by   registering  an  in- 
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crease  of  strain,  but  which  must  also  do  work  by  lifting  a  heavy  weight 
and  causing  a  motion  of  the  bearings,  before  it  can  express  itself  static- 
ally upon  the  indicator,  a  disturbing  influence  is  introduced  which 
may  have  a  serious  modifying  effect  upon  the  resulting  coefficient,  when 
the  latter  is  momentarily  varying,  as  in  stopping  or  starting— an 
effect  which  may  not  only  prevent  a  precise  expression  of  the  coefficient 
which  actually  exists,  but  which  might  also  modify  the  coefficient  itself. 
That  theoretical  reasoning  alone  cannot  be  fully  relied  upon  to  determine 
whether  this  could  or  could  not  occur,  is  evident  from  the  fact  that  bear- 
ings attached  to  a  heavy  pendulum,  which  they  must  lift  before  indicat- 
ing friction,  and  bearings  attached  to  a  beam  pressing  upon  a  spring 
scale,  to  which  a  heavy  weight  is  attached  to  resist  erratic  motions  by 
its  inertia,  are,  so  far  as  the  writer  can  perceive,  under  equivalent  me- 
chanical conditions  ;  yet  experience  shows  that  the  one  works  thoroughly 
well  under  high  and  regular  speeds,  while  the  other  will  not. 

In  the  apparatus  shown  in  Fig.  1,  it  is  plain  that  the  lever  G  may  be 
of  any  length,  and  that  if  it  be  made  2,  3  or  4  times  as  long  as  the 
radius  of  a  car-wheel,  measuring  from  centre  of  axle  A,  the  resistance 
weighed  will  be  I,  i  or  i  as  great  as  would  be  encountered  with  an  axle 
(2  bearings)  in  service  bearing  a  similar  load.  The  shorter  the  lever, 
the  greater  will  be  the  pressure  on  the  scale.  In  the  apparatus  in  ques- 
tion it  was  made  33  inches  long,  so  that  the  actual  pressures  weighed  had 
to  be  multiplied  by  2  and  then  divided  by  the  total  load  in  tons  on 
both  bearings  to  get  the  resistance  in  pounds  per  ton  such  as  would  be 
encountered  by  the  locomotive  acting  by  tension  through  the  draw  bar. 

To  determine  from  these  resistances  R,  the  coefficient  of  friction  C, 
with  an  axle  /and  wheel  D  inches  diameter,  we  have  : 

R  D  K  33    .         ^  ,    .  , 

^  ^  2000-  ><   d-  =  2-W  ><  3-^4  ^"^  "  ^-  ^"^^^"^- 

Or,  conversely,  to  determine  the  resistance  in  pounds  per  ton,  having 
given  the  co-efficient,  C,  we  have: 

„       2  000  (7      2  000  C      „„^  ^  .      ,  , 

R  =  — - —  =  — — -—   =  200  C,  approximately. 
D  9 .  o- 

It  has  been  preferred  in  this  paper  to  deal  with  resistances  in 
pounds  per  ton,  instead  of  the  coefficient  of  friction,  for  two  reasons  : 

1st.  The  determination  of  these  resistances,  and  not  investigations  of 
the  general  laws  of  all  friction,  was  the  end  in  view  in  the  experiments. 
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2d.  The  coefficient  proper  is  a  minute  decimal,  conveying  no  impres- 
sion to  the  mind  in  itself,  whereas  resistances  per  ton  are  something  that 
engineers  are  already  familiar  with,  and  being  expressible  with  few 
digits  and  in  integral  numbers,  the  mind  much  more  easily  grasps  and 
follows  their  relations  to  each  other. 

For  the  same  reasons,  the  velocities  here  spoken  of  are  miles  per  hour 
of  train  speed.  Multiplying  the  velocities  given  by  9  gives,  very  ap- 
proximately, the  journal  speed  in  feet  per  minute. 

In  the  comparisons  which  follow,  with  various  experiments  the  ap- 
proximate formula,  R  =  200  G  has  been  used  to  convert  the  recorded  co- 
efficients into  pounds  per  ton.  This  is  only  correct  when  the  diameter  of 
a  railroad  journal  is  10  times  the  diameter  of  the  wheel.  In  general,  at  the 
present  time,  it  ranges  from  less  than  9  to  9.6  times,  the  latter  having 
been  the  ratio  in  the  present  test  ;  so  that  the  use  of  the  approximate 
formula  for  converting  co-efficients  obtained  by  others  into  pounds  per  ton 
gives  a  result  about  4  per  cent,  too  small.  In  view  of  the  fact,  however, 
that  these  results  dififer  300  to  400  per  cent,  from  each  other,  in  many 
cases  under  circumstances  which  seem  to  entitle  them  to  equal  credit, 
this  error  has  not  been  deemed  of  moment,  provided  its  existence  be  re- 
membered. 

The  apparatus  heretofore  described  is,  when  properly  constructed, 
believed  to  possess  every  important  advantage  of  the  various  testing 
machines  in  use,  with  some  peculiarly  its  own.  It  is  very  light  and 
cheap  ;  the  actual  weights  to  be  handled  are  very  small,  so  that  they  are 
readily  changed,  and  but  little  strain  is  produced  on  the  machine  ;  it  can 
be  used  in  any  ordinary  lathe  and  with  an  ordinary  platform  scale, 
enough  varieties  of  which  can  be  obtained  without  special  construction 
to  satisfy  every  requirement ;  it  is  positive  in  its  action  throughout,  and 
no  delicate  computation  and  construction  of  scales  is  necessary  for  its 
use  ;  and  it  admits  of  any  desired  delicacy  of  readings  by  the  simple  sub- 
stitution of  more  delicate  scales.  The  common  platform  scale  of  the 
shop  where  the  tests  were  made  was  deemed  sufficient  in  this  instance, 
since  the  stresses  actually  weighed  ranged  so  high  that  the  error  of  ob- 
servation from  lack  of  delicacy  in  the  scales  could  rarely  exceed  a  frac- 
tion of  one  per  cent. 

The  experience  gained  in  making  the  tests  indicated  that  the  following 
modifications  of  the  design  shown  in  Fig.  1  would  be  expedient  in  con- 
structing a  machine  for  a  more  thorough  and  extended  investigation. 
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The  beam  C  should  be  of  iron,  with  the  yoke  E  and  the  fulcrum  bear- 
ings near  F  and  U,  an  integral  part  thereof.  The  pin  D  should  be  a 
slotted  block  shaped  like  the  diagram  at  the  side  and  surround- 
I  ing  the  bar  C.  An  adjusting  screw  should  be  provided  to  answer 
the  same  purpose  as  the  nut  F  in  Fig.  1,  viz. :  to  take  up  the 
1  spring  of  the  levers  and  other  parts  of  the  apparatus  under  vary- 
ing loads  W.  In  the  apparatus  as  constructed,  with  the  main  beam  of 
wood,  this  adjustment  was  a  serious  annoyance  and  required  constant 
change  with  every  change  of  load.  More  or  less  of  this  must  be  expected 
under  any  circumstances,  and  hence  the  fulcrum  near  F  should  be 
readily  capable  of  adjustment  by  set-screw. 

The  weights  TT  should  be  carried  by  a  suspension  yoke  underneath 
the  axle,  and  entirely  out  of  the  way,  instead  of  being  superimposed 
upon  the  extremity  of  the  levers.  The  weights,  when  not  in  use,  should 
be  carried  suspended  from  the  yoke  E,  so  that  the  dead  weight  of  the 
apparatus  may  remain  constant,  avoiding  troublesome  corrections.  A 
light  counterpoise  H  wiW,  in  any  case,  be  essential,  or  at  least  expedient 
to  avoid  unnecessary  delicacy  of  construction.  All  fulcrum  bearings 
should,  of  course,  be  knife-edged  in  the  usual  manner.  Lubrication  by 
a  pad  of  waste  or  felt,  or  by  an  oil  bath,  if  desired,  is  very  easily  pro- 
vided for,  by  attachments  unnecessary  to  describe.  In  the  present 
series  of  tests  a  simple  pad  of  waste  on  each  side  of  the  journal  was  used, 
which  was  kept  constantly  saturated  with  "West  Virginia  mineral  oil  by 
a  free  supply.  This  was  considered  to  fairly  reproduce  the  conditions 
of  ordinary  railroad  practice,  and  no  more  ;  as  was  throughout  the  pur- 
pose of  the  tests.  The  best  scale  for  the  purpose  is  the  compound  form 
with  double  beam,  one  for  heavy  weights  and  the  other  for  minor  varia- 
tions. 

The  journal  used  was  3i'(j"  x  7",  giving  an  area  of  section  of  24.05 
square  inches.  The  levers,  brasses  and  axle  were  kindly  loaned  for  the  pur- 
poses of  the  test  by  Mr.  J.  Withycombe,  Division  Master  Car-builder  of 
the  Lake  Shore  and  Michigan  Southern  Railway,  and  were  parts  of  an  oil- 
testing  machine  designed  by  him,  known  as  the  "  Centennial  Oil-Tester," 
which  indicates  comparative  co-efficients  of  friction  only,  and  not  their 
absolute  value,  so  that  it  was  not  suitable  for  the  purposes  of  these  tests. 
The  axle  was  set  very  slightly  excentric,  so  as  to  imitate  the  effect  of  an 
imperfectly  centered  wheel.  This  probably  somewhat  increased  the  co- 
efficient, although  very  slightly  at  the  slow  sjoeed  used.     The  effect  of 
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end  play  in  distributing  lubricants  was  imitated  by  the  occasional  use 
of  manual  force.  It  was  found  possible  to  do  this  in  great  degree,  and 
it  was  generally  found  to  have  a  slight  beneficial  effect  upon  the  co- effi- 
cient, but  only  slight ;  especial  pains  was  at  all  times  taken  to  have  the 
journal  well  lubricated  before  beginning  each  test.  The  journals  and 
brasses  were  fairly  well  polished  by  use  up  to  their  average  condition  in 
service,  but  no  more. 

The  tests  made  are  shown  in  Table  I  herewith,  and  graphically  in 
Fig.  2.  Three  different  loads  only  were  used  in  testing,  corresponding  as 
nearly  as  might  be  to  the  loads  on  bearings  of  a  loaded  car,  empty  car 
and  truck  alone.  Each  one  of  these  it  was  designed  to  test  a  number  of 
times  at  all  the  speeds  which  the  lathe  used  admitted  of,  but  the  table 
will  show  that  it  did  not  prove  possible  to  do  this  in  the  limited  time  at 
the  writer's  disposal.  The  tests  were  made  on  several  different  days  and 
at  ordinary  shop  temperature,  and  whenever  a  bearing  heated  above 
150'^  r.  the  tests  were  suspended  and  the  bearings  cooled,  since  no  means 
had  been  provided  for  accurate  measure  of  temperature.  Each  test,  at 
any  given  speed  and  load,  was  continued  for  from  5  to  even  30  minutes, 
when  the  bearings  were  cool,  in  order  to  be  certain  that  it  was  a  fair 
average.  When  the  bearings  were  hot  the  tests  were  shorter  and  the  bear- 
ings were  retained  as  nearly  as  might  beat  the  same  temperature  by  wait- 
ing a  considerable  interval  between  each  test.  During  a  test  the  resistance 
would  generally  fluctuate,  slowly  and  gently,  from  10  per  cent,  to  some- 
times 20  per  cent,  higher  or  lower  than  the  average  afterwards  taken. 
This  change  was  considered  normal,  and  arose  from  no  discernible  cause. 
When  the  fluctuations  were  greater  than  this  they  were  generally  very 
much  greater,  and  arose  from  heating  of  the  bearings.  Several  series  of 
tests  were  taken  under  such  varying  conditions  of  temperature  that  they 
were  not  deemed  worthy  of  preservation.  They  gave  results  in  the  main 
intermediate  to  those  shown  in  the  table,  which,  except  as  noted,  are  be- 
lieved to  have  been  taken  under  approximately  equal  conditions  as  to 
temperature  and  all  other  disturbing  causes. 
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Axle    Friction  —  Ibs-ioerTon  (zooolbs) 
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Note. — In  all  the  diagrams  below,  as  also  in  Fig.  2  giving  results  of  the 
writer^s  tests,  the  journal  speed  has  been  reduced  to  its  equivalent  train 
velocity  in  miles  per  hour  and  the  co-efficient  of  friction  to  its  equivalent  in 
lbs.  per  ton  tractive  resistance  to  the  locomotive. 

Intensity  of  Load  per  sq.  in.  indicated  by  thickness  of  lines. 
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Figs.  3,  4.  5,  Results  of  Mr.  Beaucbamp  Tower's  tests,  giving  effects 
of  high  velocity,  variation  of  pressure  and  differences  of  lubrication  upon 
co-efficient  of  friction. 
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Fig.  6. 

Comparative  result  of  Prof.  R.  H.  Thurston's  tests  with  sperm 
oil  and  Mr.  Beau  champ  Tower's  tests  with  sperm  bath;  the  latter 
indicated  thus — o — o— o — o — 

(The  most  notable  fact  in  this  diagram  is,  that  while  Thurston's  and 
Tower's  tests  agree  almost  precisely,  with  sperm  oil,  at  90°  temperature 
and  100  lbs.  per  sq.  in. ,  increasing  the  pressure  to  200  lbs.  per  sq.  in. 
caused  a  marked  increase  of  co-efficient  in  Thurston's  tests  and  an 
equally  marked  decrease  in  Tower's  tests. ) 

Deductions  fkom  the  Tests. 
[Tons  of  2  000  lbs.) 

In  order  to  derive  such  insight  into  the  general  laws  of  friction  as  may 
be  possible  from  these  tests,  they  will  be  compared  somewhat  with 
those  previously  made  by  the  writer  on  railroad  rolling-stock  by  the 
gravity  method,  as  elsewhere  referred  to;  with  the  very  complete 
and  thorough  investigations  of  Professor  R.  H.  Thurston,  M.  Am.  Soc. 
C.  E.,  as  set  forth  in  his  treatise  on  the  subject,*  and  also  with  a  still 


*  Friction  and  Lubrication  Ueterminations  of  the  Laws  and  Co-efBcients  of  Friction  by 
New  Methods  and  with  New  Apparatus.  By  Kobt.  H.  Thurston,  M.  Am.  Soc.  C.  E.,  New  York. 
The  Kailroad  Gazette,  1879. 
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more  complete  (in  some  respects)  series  of  tests  recently  made  in  Eng- 
land by  Mr.  Beauchamp  Tower,  under  the  auspices  of  the  Institution  of 
Mechanical  Engineers.*  In  the  apparatus  for  the  latter  tests  a  sus- 
pended dead  load  was  used  of  the  actual  weight  which  it  was  desired  to 
throw  upon  the  bearing,  instead  of  using  springs,  as  in  Prof.  Thurston's 
apparatus,  or  leverage,  as  in  the  writer's. 

The  discrepancies  between  these  two  thorough  and  careful  investiga- 
tions are  even  more  instructive  than  their  coincidences,  especially  for 
comparison  with  the  much  less  extended  tests  of  the  writer,  which,  as  a 
rule,  show  a  higher  co-eflBcient  of  friction  than  either  of  them.  Mr. 
Tower's  investigations,  however,  did  not  touch  at  all  on  one  of  the  chief 
ends  to  which  the  writer's  tests  were  directed,  viz, : 

Initial  Fkiction. 

The  writer's  observations  under  this  head  were  exceptionally  com- 
plete, and  the  conclusions  reached  were  as  follows : 

1.  Friction  at  very  low  journal  speeds  of  0-f-  is  abnormally  great, 
and  more  nearly  constant  than  any  other  element  of  friction,  under  vary- 
ing conditions  of  lubrication,  load  and  temperature.  It  varies  from  18 
to  24  pounds  per  ton  (co  efficient,  .09  to  .12)  for  loads  of  from  30  to  280 
pounds  per  square  inch.  Within  those  limits  it  is  not  greatly  modified 
by  load  or  temperature. 

2.  This  abnormal  increase  of  friction  is  due  solely  to  the  velocity  of 
revolution,  cor  tinning  unchanged  so  long  as  the  velocity  is  unchanged 
and  returning  to  the  same  amount  whenever  the  velocity  is  reduced  to 
the  same  rate,  barring  exceptionally  slight  variations,  probably  due  to 
differences  of  lubrication  and  temperature.  It  is  not  appreciably  affected 
by  the  fact  that  the  journal  may  be  just  starting  into  motion,  or  is  just 
coming  to  rest,  or  is  temporarily  reduced  to  a  velocity  of  0  -j-  during  con- 
tinuous motion. 

3.  At  velocities  higher  than  0  +,  but  still  very  low,  the  same  general 
law  obtains.  The  co-efficient  falls  very  slowly  and  regularly  as  velocity 
is  increased,  but  is  constantly  more  and  more  affected  by  differences  of 
lubrication,  load  and  temperature. 

*  The  figures  used  by  the  writer  were  taken  from  the  Report  in  "The  Engineer"  for  March 
7  and  21,  1884. 
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4.  A  very  slight  excess  of  initial  friction  proper  (varying  from  i 
pound  to  2  pounds)  could  generally  (but  not  always)  be  observed  over 
that  which  continued  to  exist  at  the  nearest  approach  to  a  strictly 
infinitesimal  velocity  which  it  was  possible  to  obtain.  This  difference 
was,  by  analogy,  ascribed  solely  to  the  fact  that  the  lowest  continuous 
velocity  attainable  was  not  strictly  infinitesimal,  and  the  final  conclu- 
sion was  drawn  that — 

5.  There  is  no  such  phenomenon  in  journal  friction  as  b,  friction  of 
rest,  or  a  f7'iction  of  quiescence,  in  distinction  from  {i.  e.,  differing  in 
amount  from)  friction  of  motion  at  slow  velocities,  and  due  to  the  fact 
of  quiesence.  Consequently,  the  use  of  such  a  term,  although  con- 
venient, is  scientifically  inaccurate,  in  that  it  ascribes  the  phenomenon 
to  the  wrong  cause,  and  to  a  cause  which  is  not  necessary  for  its  exist- 
ence. The  fact  that  friction  of  rest,  as  such,  appeai^s  to  exist,  is  due 
solely  to  the  fact  that  no  journal  or  other  solid  body  can  be  instantly 
set  into  rapid  motion  by  any  force,  however  great.  There  must  be  a  cer- 
tain appreciable  instant  of  time  during  which  the  velocity  is  infinitesimal 
and  gradually  increasing. 

This  interesting  fact,  which  is  believed  to  have  been  here  observed 
for  the  first  time  (no  other  apparatus  being  known  to  have  been  used 
suitable  for  determining  it),  was  determined  with  great  completeness  by 
many  tests.  Very  slow  motion  could  be  produced  at  any  time  by  re- 
volving the  driving  pulley  of  the  lathe  by  hand  when  geared  for  a  slow 
speed.  With  a  little  experience,  the  weight  on  the  scale-beam  could  be 
placed  in  advance  at  a  point  which  would  be  a  trifle  less  than  the  initial 
friction  proper,  and  (when  properly  placed)  it  would  barely  lift  when 
motion  first  began,  and  then  have  to  be  moved  back  a  notch  or  two  only, 
to  weigh  the  friction  which  continued  to  exist  indefinitely.  Similarly, 
when  a  test  at  comparatively  high  speed  was  about  to  be  concluded,  the 
scale-weight  would  be  placed  to  measure  the  same  pressure,  or  a  little 
less,  as  existed  in  starting,  and  it  was  always  found  to  indicate  in  stop- 
ping substantially  the  same  friction  as  in  starting.  The  same  test  was 
made  by  interrupting  tests  at  speed,  so  as  to  give  a  continuous  motion, 
l3ut  to  suddenly  reduce  the  speed  to  O-j-.  These  tests  were  repeated 
again  and  again,  with  practically  identical  results. 

Comparing  these  results  with  others,  they  agree  very  closely  indeed 
•with  the  writer's  conclusions  from 'the  results  of  his  gravity  tests,  as  will 


WELLINGTON-    ON    JOURNAL   FRICTION-.  425 

be  seen  below.  Tlie  only  reference  to  this  matter  in  the  report  of  the 
late  tests  by  Mr.  Beauchamp  Tower  is  that  "initial  friction  was  found 
about  twice  as  great  as  the  friction  in  motion,"  indicating  that  the  matter 
could  not  have  been  made  a  subject  of  investigation.  No  low  speeds  nor 
low  pressures  at  all,  in  fact,  were  tested  in  those  experiments,  since  they 
began  at  a  journal  speed  corresponding  to  12  miles  an  hour,  where  the 
writer's  tests  left  oif,  and  gave  no  pressures  less  than  100  pounds  per 
square  inch. 

Including  all  other  known  results  on  this  subject,  we  have — 

^'  JnitiaV  Journal  Friction,  [i.  e.,  at  velocity  of  0-f-). 

Writer's  conclusions  from  journal  tests,  above, 

say 19  to  25  pounds  per  ton. 

Writer's  conclusions  from  gravity  tests  of  roll- 
ing stock  (see  Trans.  Am.  Soc.  C.  E.,  Feb- 
ruary, 1879),  ''at  least  " 14  to  18      "  **     " 

Prof.  R.  H.  Thurston  ("Friction  and  Lubrica- 
tion," page  175),  W.  Va.  oils 22  to  28      "  '*     " 

Prof.  R.  H.  Thurston  ("Friction  and  Lubrica- 
tion," page  175),  sperm 14  to  28      "  '\   " 

Prof.  R.  H.  Thurston  ("  Friction  and  Lubrica- 
tion," page  175),  lard 14  to  22      "  "     " 

Prof.  Kimball  [Am.  Jour.  Sci.,  March,  1878,  or 

Fr.  and  L.,  page  186) 22  to  31      "  "     " 

In  addition,  it  may  be  noted  that  the  writer  has 
taken  pains  to  observe  with  some  care  at 
various  times  that  in  ordinary  service  no 
railroad  cars  can  start  themselves  from 
rest,  nor  can  they,  in  general,  be  started 
without  the  use  of  much  force,  on  a  grade 
of  .7  per  cent.  (=  14  pounds  per  ton,  36 
ft.  per  mile),  but  that  they  will  generally 
(but  not  always)  start  of  themselves  on  a 
grade  of  1.1  to  1.2  per  cent.  {--=  22  to  24 
pounds  per  ton,  58  to  63  ft.  per  mile),  in- 
dicating an   "  initial  "  friction  of 20  to  24      "  "     «« 

These  results  agree  wonderfully  well  with  each  other,  the   averages 
running  18,  16,  25,  20,  18,  25^  and  22  pounds  per  ton,  the  average  of  all 
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being  18.0  to  25.0  pounds  per  ton,  or  20 J  pounds  as  the  general  average 
of  all.  This  corresponds  to  the  accelerating  force  of  gravity  on  a  1 
per  cent.  (52.8  feet  per  mile)  grade,  and  that  being  also  the  lowest 
grade,  by  universal  railroad  experience,  upon  which  cars  can  be  relied 
on  to  start  off  from  a  state  of  rest  with  little  or  no  assistance,  the  cor- 
rectness of  this  co-efficient  may  be  considered  as  well  determined.* 

But  as  respects  the  friction  of  journals  when  coming  to  rest,  Prof. 
Thurston's  results  differ  markedly  from  the  writer's.  He  finds  this  fric- 
tion, •'  at  the  instant  of  coming  to  rest,"  to  be  nearly  constant  instead 
of  varying  considerably  with  the  pressure,  and  to  be  equivalent  to  only 
5  or  6  pounds  per  ton,  in  some  cases  only  2  to  3  pounds  per  ton,t  in- 
stead of  14  to  28  pounds  per  ton,  as  at  the  instant  of  starting.  It  seems 
rational  that  there  should  be  this  difference,  since  the  journal  is  more 
likely  to  be  well  lubricated  in  coming  to  rest,  but  the  writer  did  not  find 
it  so,  and  the  point  was  tested  so  many  times  in  so  many  different  ways 
that  he  feels  compelled  to  believe  that  the  discrepancy  arises  from  the 
theoretical  deficiency  in  Prof.  Thurston's  apparatus,  before  alluded  to, 
for  testing  rapidly  varying  and  almost  instantaneous  changes  of  co- 
efficient. That  such  a  change  of  resistance,  if  it  be  called  upon  to  do 
work,  dynamically,  before  it  can  express  itself  statically  upon  the  in- 
dex, cannot  but  introduce  a  possible  source  of  error,  is  made  still 
plainer  if  we  remember  that  a  force  of  this  kind  which  was  strictly  in- 
stantaneous, however  great,  could  not  move  the  pendulum,  and  hence 
express  itself  upon  the  index,  at  all. 

NOEMAL   Co-EFFICIENT    OP    JOURNAL   FrICTION    AT    ORDINARY   OPERATING 

Velocities. 

Certain  general  facts  seem  to  be  clear  from  all  the  various  tests  here 
considered  : 

The  first  of  these  is  that  (1)  the  character  and  completeness  of 
lubrication  seems  to  be  immensely  more  important  than  the  kind  of 
the  oil,  or  even  pressure  and  temperature,  in  affecting  the  coefficient. 

*  On  a  0.7  per  cent,  grade  (14  pounds  per  ton)  the  writer  fonnd  it  impossible  in  several 
instances  for  six  men  pushing,  two  with  pinch-bars,  to  start  two  loaded  box-cars  into  mo- 
tion. In  no  single  instance  out  of  over  sixty  did  cars  start  without  some  assistance. 
This  indicates  that  a  statement  on  page  14  of  "  Friction  and  Lubrication:"  "  The  resistance 
in  starting  *  *  *  has  for  its  measure  |  of  1  per  cent.,  or  8^  pounds  per  ton,"  requires 
correction;  being  inconsistent  indeed  with  experimental  results  given  in  the  same  volume. 

t  "  Friction  and  Lubrication,"  page  175.  On  page  209  it  is  stated  that  "it  is  nearly 
constant,  and  may  be  taken  at  .03,"  equival6nt  to  6  pounds  per  ton. 
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This  is  very  clear  from  the  diagrams  (Figs.  2  to  6)  showing  the  various 
results.  Mr.  Tower  found  that  lubrication  by  a  bath  (whether  barely 
touching  the  axle  or  almost  surrounding  it)  was  from  six  to  ten  times 
more  effective  in  reducing  friction  than  lubrication  by  a  pad.  By  this 
method  of  lubrication  Mr.  Tower  succeeded  in  reducing  the  co-efficient 
in  a  large  number  of  tests  to  as  low  a  point  as  .001,  equivalent  to  only 
0.2  pound  per  ton  of  tractive  resistance,  and  the  general  average  in  the 
bath  tests,  under  all  varieties  of  load  and  speed,  is  given  as  only  .00139. 
or  0.278  pounds  per  ton,  against  1.96  to  1.95  pounds  per  ton  with 
syphon-lubricator,  or  pad  under  journal.  These  results  are  very  far 
below  any  heretofore  reported,  as  will  be  seen  from  the  following 
general  average  of  results ;  not  considering  now  the  comparatively 
minor  variations  produced  by  ordinary  working  differences  in  tempera- 
ture, load,  etc. 

The  normal  journal  friction,  under  favorable  conditions,  deduced 
from  various  series  of  tests,  may  be  summarized  as  follows  for  velocities 
greater  than  10  miles  per  hour,  or  90  feet  per  minute,  journal  speed  : 

Beauchamp  Tower,  bath  of  oil 278  lbs.  per  ton. 

**                "        pad  or  syphon 1.9  '*  ''  ♦' 

Thurston,  light  loads 2.75  *'  ''  " 

heavy  loads 1.75  "  *'  «* 

Wellington  (gravity  tests  of  cars  in  service) 

light  loads.  6.0  ''  "  ♦* 

heavy     **    .  3.9  ♦'  "  " 

(51        "       <<      «« 
**  direct  tests  (as  shown  in  Fig.  2) <    on        n       n      << 

(48         "       **      " 
Thurston,  inferior  oils  (Fr.  and  Lub.,  p.  173) -j    ^^        ,,       «4      <» 

Morin,  continuous  lubrication 6.0  to  10.8         "       '*      " 

These  discrepancies,  especially  as  they  are  accompanied  by  many 
minor  ones,  are  very  instructive,  as  showing  that  the  character  of  lubri- 
cation is  the  great  cause  of  variation  of  co-efficient.  Thus,  Thurston's 
experiments  show  almost  everywhere  a  very  marked  advantage  in  sperm 
oil  over  all  others  for  reducing  the  co-efficient.  This  does  not  appear  at 
all  in  Mr.  Tower's  tests.  Thurston  also  finds  that  with  sperm  as  a  lubri- 
cant and  temperature  90°  F. ,  increasing  the  load  from  100  to  200  pounds 
per  square  inch  increases  the  co-efficient  materially.  On  the  other  hand, 
Mr.  Tower,  who  agrees  almost  precisely  with  Thurston  with  sperm  at  90 
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and  100  pounds,  finds  that  increasing  the  pressure  to  200  pounds  materially 
decreases  the  co-efficient.  The  extent  of  these  discrepancies  are  shown  in 
rig.  6.  Other  minor  discrepancies  of  this  kind  might  be  pointed  out. 
They  are  not,  it  is  believed,  to  be  taken  as  indicating  a  lack  of  either 
care  or  correctness  in  either  experimenter,  but  simply  as  showing  the 
overmastering  effect  of  minute  differences  in  the  condition  of  the  lubri- 
cation. This  was  also  curiously  shown  in  two  ways  in  Tower's  experi- 
ments : 

1.  It  was  accidentally  discovered  that  with  bath  lubrication  the  bear- 
ing is  actually  floated  on  a  film  of  oil  between  the  lubricated  surfaces, 
which  is  so  truly  a  fluid  that  it  will  rise  through  a  hole  in  the  top  of  the 
bearing  in  a  continuous  stream  and  exert  a  pressure  against  a  gauge 
equal  to  more  than  twice  the  average  pressure  per  square  inch  on  the 
bearing.  This  is  precisely  what  theory  would  require  if  the  lubricant 
were  a  perfect  fluid. 

2.  Towers'  apparatus  required  that  the  journal  should  be  revolved  first 
one  way  and  then  the  other.  It  was  found  that  the  friction  was  always 
greater  when  the  direction  of  motion  was  first  reversed.  The  increase 
varied  considerably  with  the  newness  of  the  journal.  *'  Its  greatest  ob- 
served amount  was  at  starting,  and  was  almost  twice  the  nominal  friction, 
and  it  gradually  diminished  until  the  normal  friction  was  reached,  after 
about  ten  minutes'  continuous  running.  This  increase  of  friction  was  ac- 
companied by  a  strong  tendency  to  heat  and  seize,  even  under  a  moderate 
load.  In  the  case  of  one  brass  which  had  worked  for  a  considerable  time  it 
almost  entirely  disappeared."  It  is  with  apparent  justice  concluded  that 
the  phenomenon  must  be  due  to  the  interlocking,  point  to  point,  of  the 
surface  fibres  after  having  been  for  some  time  stroked  in  one  direction.* 

In  view  of  the  variations  of  several  hundred  per  cent.,  often,  which 
are  produced  in  the  lowest  co-efficients  of  friction  by  minute  differences 
in  lubrication,  as  shown  by  comparison  of  Thurston's  and  Tower's  tests, 
and  in  view  also  of  two  further  facts,  viz.  : 

1.  That  the  lubrication  of  railroad  journals  is  far  more  imperfect  than 
an  oil  bath,  and  rarely  equal  even  to  pad  lubrication,  and  that  the  oil  is 
rarely  free  from  dust  and  of  uniformly  good  quality;  and — 

*  The  phenomenon  thus  observed  has  an  interesting  bearing,  it  may  be  noticed  in  pass- 
ing, upon  a  theory  deduced  by  Dr.  Charles  B.  Dudley,  chemist  of  the  Pennsylvania  Eailroad, 
that  the  fibies  of  steel  in  the  top  of  a  rail  head  are  in  reality  subjected  to  a  bending  stress, 
and  it  lends  much  support  to  his  conclusion,  that  such  tests  ought,  consequently,  to  be  an 
approximate  measure  of  the  probable  durability. 
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2.  That  the  condition  of  the  surface  of  ordinary  railroad  journals  and 
bearings  is  and  necessarily  must  be  inferior  to  such  as  are  stated  to  have 
been  employed  in  Thurston's  and  Tower's  tests;— it  seems  reasonable  to 
conclude  that  the  writers  direct  tests  (Table  1  and  Fig.  2)  correctly  rep- 
resent journal  friction  under  ordinary  working  conditions,  and  that  it 
may  be  taken  at  5.0  to  6.0  pounds  per  ton  with  empty  cars,  and  3.5  to 
4.0  pounds  per  ton  with  loaded  cars  or  heavy  passenger  cars,  at  the 
velocity  of  minimum  friction,  which  appears  to  be  from  10  to  15  miles 
per  hour. 

These  results  closely  correspond  with  the  results  obtained  by  the 
writer  from  gravity  tests  of  cars  in  ordinary  service;  the  latter  results 
giving  0.5  to  1.0  per  ton  greater  resistance,  but  including  rolling  friction 
between  rail  and  wheel,  as  well  as  journal  friction.  This  brings  up  the 
question  of 

The  Proportion  of   Kolling   Friction  in   Eailroad  Service  due  to 

Journal  Friction  only. 

If  the  preceding  conclusions  may  be  accepted,  the  rolling  friction 
proper  in  railroad-  service  must  be  very  small  indeed,  not  exceeding  1 
pound  per  ton.  No  existing  experiments  bearing  directly  upon  this 
question  are  known  to  the  writer,  nor  is  it  easy  to  see  how  such  can  be 
devised.  The  only  references,  even,  to  the  question  which  can  be  discov- 
ered are  contained  in  Trautwine's  "Pocket  Book"  and  Thurston's  "Fric- 
tion and  Lubrication."  Mr.  Trautwine ascribes  1  pound  per  ton  only  to 
rolling  friction.  Professor  Thurston,  on  the  contrary,  states  that  "  f ric- 
tional  resistance  on  railroads  is  principally  rolling  friction,"  and  even 
that  "at  low  speeds  axle  and  flange  friction  may  probably  be 
neglected."*  These  statements,  although  positive,  are  not  stated  to  be 
based  on  any  other  authority  than  deductive  reasoning  from  the  low  co- 
eflacients  of  journal  friction  obtained  in  Professor  Thurston's  experi- 
ments, and  it  is  confidently  believed  that  they  err  in  making  too  httle 
allowance  for  the  wide  variations  in  journal  friction  which  result  from 
slight  diJBferences  of  conditions.  Certainly  they  are  inconsistent,  not 
only  with  the  results  of  the  writers  tests,  but  also  with  a  fact  narrated 
in  the  same  volume,!  that  the  use  of  pure  lard  oil  and  the  test  of  sperm 
for  a  certain  time  on  a  certain  railroad  had  the  efifect  to  increase  the 

*  "Friction  and  Lubrication,"  p.  13. 
t  Friction  and  Lubrication,  p .  205. 
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number  of  cars  hauled  "about  10  per  cent."  It  being  now  well  deter^ 
mined,  and  universally  admitted,  that  the  total  rolling  friction  of  trains  in 
service  is  only  4  to  5  pounds  per  ton,  such  a  result  could  hardly  be  ex- 
ceeded if  the  whole  rolling  friction,  both  rail  and  journal,  were  wholly 
abolished,  instead  of  merely  alleviating  what  Professor  Thurston  declares 
to  be  an  insignificant  element  in  the  total. 

It  also  seems  proper  to  note  in  this  connection  that  no  theoretical 
loss  whatever  exists  from  the  compression  of  2.  perfectly  elastic  substance, 
such  as  a  rail  may  be  assumed  to  be,  and  to  a  great  extent  the  entire 
permanent  way  as  a  whole,  under  a  rolling  load.  In  Fig.  7,  the 
compression  at  any  point,  whatever  it  may  be,  is  proportional  to  or- 
dinates  from  the  line  G  C  io  the  periphery  of  the  wheel  P.  The  elastic 
resistance  is  in  proportion  to  these  ordinates,  and  the  semi-segments  F 
F^  represent  in  magnitude  and  position  the  total  elastic  forces  operating 


R'   R 

Fig.  7. 

to  retard  and  to  accelerate.  The  resultants,  R  and  R^,  of  these  parallel 
forces  must  pass  through  the  centre  of  gravity  of  these  semi-segments  F 
and  F'^,  and  must  each  be  equal  to  half  the  total  load  resting  on  the 
wheel.  It  follows  clearly  from  the  figure  that  the  moments  of  these  ac- 
celerating and  retarding  forces  are  equal,  so  that  they  neutralize  each 
other.  * 


The  Extent  of  the   Conteksion  into   Heat  of  the   Energy  lost  bt 

Friction. 

The  tests  made,  under  the  auspices  of  the  Institute  of  Mechanical  En- 
gineers, by  Mr.  Beauchamp  Tower,  gave  co-efficients  far  lower  than  any 

*  It  may  be  noted  that  it  also  follows  from  the  figure  that  as  the  load  upon  each  point 
on  the  surface  of  the  rail  is  in  proportion  to  the  compression,  the  maximum  strain  which 
falls  upon  the  fibres  at  the  center  is  almost  e?;actly  equal  to  J  greater  load  than  the  average 
for  the  entire  surface  in  contact. 
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results  heretofore  obtained,  as  before  stated.  An  argument  advanced 
by  Mr.  Tower*  that  co-efficients  of  journal  friction,  even  in  regular  ser- 
Tice,  must  always  "in  reality  be  more  like  .0035  than  .035,"  or  0.7 
pounds  per  ton,  instead  of  7  pounds,  would,  if  sound,  almost  destroy 
the  credibility  of  the  tests  here  recorded,  by  making  it  doubtful  if  a 
journal  friction  of  4  to  (5  lbs.  per  ton  could  exist  for  more  than  a  few 
moments  without  melting  off  the  axle.  The  argument,  however,  contains 
a  possible  fallacy  (which  it  seems  essential  to  note),  in  that  it  takes  for 
granted  that  all  the  energy  destroyed  by  friction  is  converted  into  sen- 
sible heat,  and  none  lost  in  doing  work  against  the  molecular  cohesion 
of  the  iron  and  brass,  or  in  producing  chemical  or  molecular  changes 
in  the  lubricant,  so  that  it  does  not  take  the  form  of  an  increase  of  sen- 
sible temperature.  It  seems  probable  from  the  very  facts  advanced  by 
Mr.  Tower,  that  only  a  fraction  of  the  power  lost  with  the  ordinary  co- 
efficients of  friction  can  reasonably  be  accounted  for  as  converted  into 
heat ;  so  that,  if  so,  the  argument  falls  to  the  ground  by  proving  too 
much. 

*Mr.  Tower's  communication  was  as  follows  (From  "  The  Engineer,"  April  4,  1884,  under 
the  heading,  "  What  is  Fbiction  ?) : 

Many  people  have  expressed  great  astonishment  at  the  extraordinary  low  co-efl&cients 
of  friction  given  by  the  late  experiments.  In  engineering  text  books  the  co-efficient  of  fric- 
tion for  lubricated  bearings  is  put  down  at  between  ^^  and  ^V.  whereas  our  experiments 
showed  that  it  is  between  ^i^  and  gio.  and  that  by  the  most  meager  lubrication  possible  it 
could  not  be  reduced  much  below  y Jjj.  So  that  in  round  numbers  the  co-etficients  given  in 
the  text  books  are  from  10  to  30  times  too  high.  The  heat  which  would  be  generated  with, 
say,  a  co-efficient  of  y^g,  would  be  such  as  to  prevent  such  a  bearing  working,  except  at  very 
low  speeds,  as  will  be  shown  by  the  following  calculation  :  Suppose  a  bearing  running  with 
a  surface  velocity  of  300  feet  per  minute,  and  loaded  with  a  pressure  of  500  pounds  per 
square  inch.  Suppose  a  co-efficient  of  J^:  ^^^  amount  of  work  expended  per  square  inch 
will  be  50  X  300  =  15  000  foot-pounds  per  minute  =  1166  units  of  heat  per  hour.  Now,  it  is 
said  that  a  square  foot  of  surface  of  a  locomotive  fire-box  will  evaporate  a  cubic  foot  of 
water  per  hour,  which  is  equivalent  to  416  units  per  square  inch  per  hour,  so  that  a  co-effi- 
cient of  friction  J^  gives  2.70  times  the  heat  per  unit  of  surface  passing  through  the  plates 
of  a  locomotive  fire-box.  A  co-efficient  of  .03585  woiild,  with  a  load  of  500  pounds,  and  a 
speed  of  300  feet  per  minute,  just  give  416  units  per  hour  per  square  inch. 

When  we  consider  the  difference  of  temperature  which  causes  this  rate  of  transference 
of  heat  in  the  locomotive  fire-box,  it  seems  probable  that  in  order  to  obtain  a  similar  rate  of 
transference  of  heat  from  the  bearing  to  the  surrounding  air,  something  like  the  same  differ- 
ence of  temperature  would  have  to  exist,  or,  in  other  words,  the  bearing  would  have  to  be 
near  white-hot.  Indeed,  looking  at  the  matter  fiom  this  point  of  view,  it  seems  difficult  to 
understand  how  a  bearing  can  run  with  a  co-efficient  as  high  as  y^^.  It  probably  could  not 
if  it  was  not  that  the  square  inch  which  we  have  been  considering  as  connected  to  a  mass 
of  metal  exposing  a  great  many  square  inches  of  surface  to  the  air.  The  explanation  of  why 
bearings  run  without  becoming  red-hot,  is  to  be  found  in  the  fact  that  the  co-efficient  of 
friction  is  in  reality  more  like  .0035  than  .035,  and  even  then  the  heat  generated  must  be 
equal  to  the  evaporation  of  1.2  cubic  inches  of  water  per  square  inch  of  bearing  per  hour. 

BEAUCHAMP  TOWER, 
19.  Great  George  street,  Westminster,  S.  W.,  April  2." 
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Mr.  Tower  takes  the  case  :  A  pressure  of  500  pounds  per  square  inch 
(almost  double  usual  railroad  practice),  and  a  journal  speed  of  300  feet 
per  minute  (=  about  34  miles  per  hour,  train  speed),  with  a  co-efficient  of 
0.1  (20  pounds  per  ton,  train  resistance),  and  he  finds  the  work  expended 
per  square  inch  will  be  50  X  300=15  000  foot-pounds  per  minute,  =  1 166 
H.  U.  per  hour.*  It  is  then  advanced,  that  as  a  locomotive  fire-box  will 
only  evaporate  about  1  cubic  foot  per  square  foot  per  hour,  which  is 
equivalent  to  416  H.  U.  per  square  inch  per  hour,  it  follows  that  fric- 
tion, under  such  a  co-efficient,  would  generate  2.79  times  as  much  heat 
as  passes  through  the  plates  of  a  fire  box  ;  and  a  co-efficient  of  .03585,  or 
about  7  pounds  per  ton,  would  just  generate  the  same  amount  of  heat  as 
passes  through  the  fire-box  per  hour.  This  being  plainly  impossible, 
it  is  therefore  concluded  that  the  co-efficient  is  in  reality  more  like 
.0035  than  .035." 

Considering  the  force  of  this  statement  as  an  argument,  it  is  beyond 
doubt  that  the  difference  in  temperature  between  the  two  sides  of  a  fire- 
box sheet  is,  at  the  very  lowest  calculation,  3  000°  F.,  and  generally 
nearer  3  500°  F.,  and  the  conveyance  of  heat  away  from  this  compara- 
tively thin  surface  is  assisted  by  a  violent  and  very  complete  circulation 
of  water,  which  is  known  to  be  able  to  convey  away  from  such  a  surface 
from  120  to  150  times  as  much  heat  as  air  in  the  same  time  and  under 
the  same  conditions. 

Therefore,  granting  the  coefficient  of  journal  friction  to  be  only  .0035, 
or  0 . 7  pounds  per  ton,  the  heat  generated  per  square  inch  would  even 
then,  under  Mr.  Tower's  assumption,  be  ^q  as  much  per  hour  as  ordi- 
narily passes  through  the  fire-box  sheets  in  regular  service.  Conse- 
quently, to  dissipate  this  heat : 

(1.)  The  diflFerence  between  the  temperature  of  the  outside  of  the 
journal-box  and  inside  of  the  brass  must  be  /o  as  great  as  the  inside  of 
a  fire-box;  or  300°  to  350°: 

(2.)  The  brass  and  attached  parts  of  the  journal-box  must  oppose  no 
more  resistance  to  the  passage  of  heat  than  the  shell  of  a  fire-box: 

(3.)  The  medium  for  finally  dissipating  the  heat  must  be  as  efficient 
as  the  violent  circulation  of  water  which  exists  inside  a  locomotive  boiler 
in  service. 

*  Taking  the  mechanical  equivalent  of  heat  at  772  ft.-lbs.  — =  1166. 
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Instead  of  these  conditions  obtaining,  the  temperature  of  the  inside 
of  the  brass  is  not  ordinarily  much  over  one-third  as  great  as  300^  to  350°; 
the  brass  and  journal-box  oppose  at  least  three  times  as  much  resistance 
to  the  passage  of  heat,  and  air  is,  at  the  very  lowest  calculation,  one  hun- 
dred times  less  efficient  than  water  for  conveying  away  heat,  with  an 
equally  rapid  circulation.  Consequently,  the  amount  of  heat  which  can 
be  dissipated  from  a  journal-box  is  3  X  3  X  100  =  900  times  less  than 
passes  through  the  shell  of  a  fire-box,  and,  if  the  reasoning  by  which  all 
power  lost  in  friction   is  converted  into  heat  were  sound,  the  co-efficient 

0935 
of  journal  friction  could  not  exceed  ..  =.00004,  or  .008  pounds  per 

ton.  Per  contra,  the  bearing  has  the  advantage  that  the  exposed  area  for 
radiating  heat  is  several  times  larger  than  the  generating  surface.  The 
exterior  area  of  a  standard  journal-box  (only  a  small  portion  of  which, 
however,  has  direct  metallic  connection  with  the  bearing)  is  about  500 
square  inches,  or  say  18  times  the  area  of  the  brass.  After  all  allowances 
are  made  for  this  compensating  advantage,  however,  it  would  seem  as  if 
only  a  fraction  of  the  energy  lost,  with  the  lowest  co-efficients  ordinarily 
assumed,  can  be  accounted  for  as  converted  into  sensible  heat. 

Eesistance  of  Freight  Trains  in  Starting. 

It  will  be  seen  in  Table  I  and  Fig.  2  that  the  abnormally  high  co-effi- 
cient of  friction  at  starting  continues  during  the  period  of  getting  up 
speed,  and  thus  constitutes  an  extra  tax  upon  tractive  power  for  some 
little  distance  after  getting  under  way. 

The  following  conclusions  may,  it  is  believed,  be  drawn: 

1.  The  resistance  at  the  beginning  of  motion  in  each  journal  is  equal 
(as  before  stated)  to  about  20  pounds  per  ton,  or  say  15  pounds  per  ton 
over  the  average  friction  in  motion.  Except,  therefore,  for  the  "  slack  " 
which  always  exists  in  freight  trains,  enabling  the  cars  to  be  set  in 
motion  one  at  a  time,  such  trains  as  are  usually  hauled  could  not  be 
started  at  all  by  the  locomotive. 

2.  A  velocity  of  0.5  to  3  miles  per  hour,  or,  on  an  average,  2  miles 
per  hour,  must  be  attained  before  the  journal  friction  falls  to  10  pounds 
per  ton,  or  5  pounds  above  the  average  motion. 

The  average  during  this  period  may  be  taken  at  12  pounds  per 
ton. 
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3.  At  6  miles  per  hour  the  journal  friction  is  at  least  1  pound  per  ton 
higher  than  at  usual  working  speeds.  The  average  journal  friction 
between  2  and  6  miles  per  hour  may  be  taken  as  at  least  2^,  if  not  3 
pounds  per  ton  higher  than  the  normal. 

4.  During  the  period  of  getting  up  speed,  the  normal  law  of  accel- 
eration of  velocity  is  so  interfered  with  by  the  varying  co-efficient  of 
friction  that  the  velocity  attained  at  any  given  point  may  be  rudely 
taken  as  directly  proportional  to  the  distance  run,  so  that  the  increase 
of  velocity  would  be  represented  graphically  by  a  right  line  instead  of 
by  a  parabola  tangent  to  the  horizontal  line  of  normal  velocity  in 
motion.* 

Assuming  these  facts,  we  have  the  following  conditions  in  a  freight 
train  which  is  so  heavily  loaded  that  it  may  be  assumed  to  have  to  run 
3  340  feet,  or  f  of  a  mile,  to  acquire  a  velocity  of  10  miles  per  hour  : 

1.  The  average  velocity  will  be  5  miles  per  hour,  and  the  time 
occupied  7 . 6  minutes. 

2.  The  increased  tractive  force  needed  to  accelerate  velocity  only 
will  be  2  pounds  per  ton;  since  communicating  that  velocity  is  equiva- 
lent to  lifting  the  train  through  3.34  feet  vertically,  and  faW  — 0.10  per 
cent,  grade  =  a  resistance  of  2  pounds  per  ton. 

3.  For  ^  of  this  distance,  or  668  feet,  the  total  demand  upon  the 
tractive  power  is : 

2  pounds  per  ton  for  acceleration, 
12         *'         *'       "      "     extra  rolling  friction. 

14  pounds  total  additional  traction,  equal  to  a  grade  of  0.70,  or 
37  feet  per  mile. 

4.  For  the  next  1  336  feet  the  total  demand  upon  the  tractive  power 
is  similarly  found  to  be  4.5  to  5  pounds  per  ton  over  the  normal,  equiva- 
lent to  the  effect  of  a  0.225  to  0.25  per  cent,  grade,  or  12  to  13  feet  per 
mile. 

These  grades,  therefore,  represent  the  reduction  at  stations  or  stop- 
ping places  which  it  is  essential  to  make  to  fully  equalize  the  demands 
upon  the  tractive  power  of  locomotives  while  in  motion  and  when  get- 
ting under  way.    The  fact  that  such  heavy  reduction  of  grade  at  stations 


*  It  may  be  noted  that  this  was  very  nearly  the  case  in  Messrs.  Galton  and  Westing- 
house's  tests  of  retardation  by  brakes.  See  "Pennsylvania  Railroad,"  by  James  Dredge- 
closing  plate. 
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may  be  said  never  to  exist,  while  yet  such  heavy  trains  are  hauled,  must 
be  due,  in  part,  to  the  use  of  sand  in  starting,  and  in  part  to  the  fact 
that  the  full  adhesion  of  the  locomotive  is  not  used  up  on  the  open 
road.  To  utilize  to  the  utmost  the  power  of  locomotives,  such  reduc- 
tions are  believed  to  be  the  first  thing  which  should  be  attended  to  in 
laying  out  a  new  road  or  in  improving  an  old  one. 

Effect  of  Temperature  on  Co-effioient  of  Friction. 

It  will  be  noted  in  Table  I  and  Fig.  2  that  a  high  temperature  exerted 
a  very  marked  adverse  influence  upon  friction  at  low  velocities.  Lack 
of  exact  notes  on  the  temperatures  reached  prevents  any  further  deduc- 
tion than  that,  so  far  as  they  can  be  estimated,  the  results  agree  very 
closely  with  Prof.  Thurston's  formula  that  the  co-efficient  increases  as 
the  square  of  the  increase  of  heat  over  90°  to  100°  F.  at  speeds  under 
12  miles  per  hour.  No  tests  were  made  above  that  speed  to  confirm 
Prof.  Thurston's  deduction  that  at  higher  speeds  the  law  changes.  Mr. 
Tower's  tests  were  nearly  all  made  at  a  constant  temperature  of  90°,  and 
the  efiect  of  temperature  does  not  seem  to  have  been  made  a  subject  of 
investigation. 

Effect   of  Load  per  Square   Inch    of   Bearing   on  Co-efficient  op 

Friction. 

Comparison  of  the  results  obtained  by  the  writer,  and  by  Messrs. 
Thurston  and  Tower  and  others,  as  shown  in  Figs.  2,  3,  4,  5  and  6,  de- 
velop this  curious  fact  :  that  while  the  results  differ  quite  widely  in 
fact  by  several  hundred  per  cent,  in  what  may  be  called  the  typical  or 
average  co-efficient  of  friction,  they  all  agree  quite  closely  in  finding 
that  the  effect  of  increased  load,  within  working  limits,  is  to  very  ma- 
terially diminish  the  co-efficient.  Mr.  Tower,  in  fact,  goes  so  far  as  to 
state,  as  one  of  the  results  of  his  tests,  that  it  almost  seemed  at  times  as 
if  it  was  approximately  true  that  the  absolute  loss  by  friction  was  en- 
tirely independent  of  load,  the  co-efficient  falling  almost  to  half  when 
the  load  was  doubled.  But  it  seems  plain,  from  the  diagrams  given 
herewith,  that  this  result  is  only  true  on  account  of  the  unprecedentedly 
low  co-efficients  which  he  obtained  by  his  very  perfect  lubrication. 
Inspection  of  the  diagrams  will  show  that  the  general  law  of  variation 
from  increase  of  load  is  not  materially  different  in  the  different  tests, 
despite  the  wide  variations  in  the  average  co-efficients. 
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Effect  of  VEiiOciTT  Over  Twelve  Miles  per  Hour. 

Figs .  2,  3,  4,  5  and  6,  taken  in  connection,  seem  to  sliow  the  fol- 
lowing: 

1.  The  velocity  of  lowest  journal  friction  is  10  to  15  miles  per  hour. 

2.  With  bath  or  other  very  perfect  lubrication,  there  is  a  very  slight 
increase  of  journal  friction  accompanying  velocities  up  to  55  miles  per 
hour  (Figs.  5  and  6). 

3.  With  less  perfect  lubrication,  as  with  pad  or  syphon,  greater  vel- 
ocity is  as  apt  to  decrease  as  to  increase  the  co- efficient  (Figs.  3,  4  and 
6).  The  latter  being  more  like  the  ordinary  lubrication  in  railroad  ser- 
vice, we  may  say,  without  sensible  error,  that  the  co-efficient  of  journal 

friction  is  approximately  constant  for  velocities  of   15   to   50  miles  per 
hour. 

This  has  been  the  assumption  which  all  investigators  of  railroad 
friction,  to  date,  have  been  compelled  to  make,  and  it  is,  in  some  re- 
spects, fortunate  that  it  proves  not  far  from  true. 

HiGLEY  Eoller-Journal  Bearings. 

This  apparatus  is  shown  in  Fig.  8,  and  was  also  shown  in  Fig.  7 
of  the  writer's  paper  before  referred  to,  giving  a  report  of  his  gravity 
tests  (see  page  37,  Trans.  Am.  Soc.  C.  E.,  1879).  The  results  deduced 
from  the  direct  tests  herein  described,  as  shown  in  Table  I,  as  com- 
pared with  the  gravity  tests  are  as  follows  : 

Journal  Friction  (pounds  per  ton)  at  velocity  of 

0  -{-  3  to  5  M.  per  Hour.    10  to  20  do. 


I 


By  direct  tests,  full  load ..4.9  3.1@3.5 

*' gravity   *'        *«       *'    ..   4.0  3.3 

By  direct  tests,  light  load . .   6.7  4.8  @  4.0 

"gravity   "       "       ''     ..   5.0  5.0 

The  correspondence  between  these  tests,  made  as  they  were  by  such 
different  methods,  is  thought  to  be  very  close  and  satisfactory.  These 
later  tests'  confirmed  exactly  the  correctness  of  the  writer's  previously 
stated  conclusions,  that  the  Higley  bearing  was  nearly  as  efficient  as 
theory  would  indicate  in  reducing  initial  friction,  but  loses  nearly  all 
of  this  advantage  under  speed. 

The  Higley  bearing  was  then,  and  is  now,  in  very  extensive  use  on 
street  cars,  and  was  in  use  on  sevferal  railroad  cars  at  the  time  of  the 
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writer's  tests.  Mr.  Higley's  dissatisfaction  with  the  results  of  the 
gravity  tests  was  a  principal  reason  why  these  later  tests  were  under- 
taken, which  fully  satisfied  that  gentleman's  doubts,  as  results  could 
be  seen  with  his  own  eyes,  as  weighed  upon  a  scale,  without  having  to 
accept  the  indirect  (although,  in  fact,  equally  positive  and  valid)  indica- 
tions of  computations  based  on  variations  of  velocity  of  rolling  stock. 
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DISCUSSION. 


Robert  H.  Thurston,  M.  Am.  Soc.  C.  E. — I  find  the  paper  of  Mr.  Wel- 
lington very  interesting  and  very  instructive,  and  regret  very  much  that 
time  and  opportunity  do  not  offer  for  as  careful  a  study  and  as  complete 
an  examination  of  the  facts  and  conclusions  embodied  therein  as  I  should 
be  glad  to  make. 

The  apparatus  described  seems  to  me  to  be  both  ingenious  and  trust- 
worthy, and  I  have  no  doubt  that  the  work  done  with  it  is  accurate  and 
valuable.  The  behavior  of  the  scale-beam  during  its  operation  is  the 
best  evidence  that  the  machine  is  very  accurate  and  amply  sensitive. 
The  experience  of  its  designer,  in  the  earliest  stages  of  his  work,  and 
which  drove  him  to  use  the  platform  scale,  is  one  which  I  can  fully  ap- 
preciate, having  had  a  similar  experience.  I  have  for  many  years  used 
the  platform  scale  in  connection  with  the  Prony  brake  for  the  same  reason 
as  is  here  given — the  annoying  fluctuations  and  vibrations  which  are  in- 
separable from  the  use  of  a  spring,  and  the  inconvenience  of  working  with 
weights  in  a  scale- pan.  I  find  that  my  own  form  of  machine  for  testing 
lubricants  possesses  the  same  advantage  as  is  here  noted,  in  consequence 
of  the  inertia  of  the  pendulum.  This  I  find  to  be  a  decided  advantage, 
so  much  so  that,  although  some  of  the  earlier  designs  of  this  machine  in- 
cluded the  use  of  a  spring,  I  have  never  adopted  them  for  my  own  use 
or  for  the  market. 

It  is  true  that  minute  and  sudden  changes  of  friction  are  not  indicated, 
as  is  observed  by  Mr.  Wellington;  but,  on  the  whole,  I  do  not  find  this  fact 
a  disadvantage.  The  occasion  for  noting  such  fleeting  quantities  seldom, 
if  ever,  arises,  and  the  steadiness  of  the  machine  for  ordinary  work  is  an 
advantage  of  such  vastly  greater  moment  that  I  should  never  think  of 
sacrificing  the  latter  to  the  former.  The  platform  scale  possesses  the  same 
advantages  and  the  same  disadvantages,  although  I  am  not  prepared  to 
say  in  the  same  degree.  Whatever  either  gains  in  the  one  direction  it 
loses  in  the  other.  On  the  whole,  I  am  inclined  to  think  that  the  sim- 
plicity of  the  pendulum  apparatus  and  its  exactness,  arising  from  the  fact 
that  there  is  absolutely  nothing  between  the  point  at  which  measures  are 
desired  and  that  at  which  the  measures  are  read,  to  affect  accuracy,  is  an 
advantage  which  could  hardly  be  compensated  by  the  introduction  of 
mechanism  to  give  any  new  effect.  A  large  number  of  these  machines 
are  now  in  use,  many  of  them  under  the  direction  of  members  of  the 
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Society,  I  think,  and  testimony  on  these  points  will  probably  be  easily 
secured.  I  do  not  think  that  the  discrepancies  between  the  results  ob- 
tained by  Mr.  Wellington  and  other  observers  are  due  to  dififerences  of 
apparatus;  I  am  very  sure  that  they  are  usually  either  due  to  differences 
in  methods  of  working  or  of  conditions,  noted  or  unnoticed,  or  to  the 
mistake  which  nearly  all  investigators  find  themselves  very  liable  to 
make — that  of  drawing  general  conclusions  from  a  loo  limited  collection 
of  facts .  In  some  cases  the  difference  may  arise  from  the  error,  on  the 
part  of  the  investigator,  of  supposing  that  the  apparent  and  seemingly 
obvious  conditions  are  the  real  conditions.  This  is  especially  liable  to 
be  the  source  of  error  in  such  experiments  as  those  on  friction  of  lubri- 
cated surfaces,  in  which  work  it  is  impossible  to  be  at  all  times  sure  that 
the  journal  is  in  the  same  state  at  any  two  consecutive  observations.  I 
think  that  a  comparison  would  show  that  the  same  virtues  and  the  same 
faults  will  be  found  in  the  two  forms  of  apparatus  which  are  here  re- 
ferred to,  and,  although  probably  in  different  degree,  still  to  such  an  ex- 
tent that  we  must  look  elsewhere  for  the  cause  of  any  apparent  difference 
of  testimony  as  to  general  laws  controlling  friction  of  lubricated  journals. 

I  am  pleased  to  see  that  the  effect  of  end  play  of  the  journal  was  ob- 
served. I  have  not  been  able  to  see  that  it  makes  any  practically  im- 
portant difference  in  friction,  so  long  as  the  lubrication  is  satisfactory; 
but  I  have  found  it  a  very  useful  action  in  the  prevention  of  scoring  of 
the  surfaces,  the  cutting  of  the  journal  and  bearing,  and  in  the  produc- 
tion of  a  good  distribution  of  the  oil  when  the  lubrication  is  not  very  free. 

Examining  Mr.  Wellington's  conclusions,  I  find  that  he  has  been  able 
to  confirm  very  completely  a  view  of  the  method  of  variation  of  friction 
with  speed,  as  the  surfaces  come  to  rest,  which  has,  I  think,  been  already 
more  than  suspected  by  earlier  experimenters.  *  I  think  that  there  can 
now  be  no  doubt  that  the  friction  of  motion,  at  low  speed,  gradually  in- 
creases as  the  velocity  of  the  rubbing  is  decreased,  until  it  becomes  a 
maximum  at  the  moment  of  coming  to  rest,  and  that  the  friction  of 
motion  and  the  friction  of  rest  are  a  "continuous  function."  Other 
things  being  equal,  it  follows  that  the  value  of  the  co- efficient  is  a  func- 
tion of  the  velocity  of  rubbing.  I  see  no  reason  for  dispensing  with  the 
term  "friction  of  rest"  or  "friction  of  quiescence,"  however.  The 
term  has  its  uses,  and  there  is  no  objection,  so  far  as  I  can  see,  to  retain- 

*As  by  M.  Bochet,  Comptes  Rendus,  April,  1858;  by  Professors  Ewing  and  Jenkins, 
Proc.  Roy.  Soc  ,  1876;  Ency.  Britt.,  Article  Friction;  and  by  the  writer,  Friction  and  Lubri- 
cation, §  70. 
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ing  it,  especially  as  it  is  becoming  well  understood  that  the  facts  cited  by 
Mr.  Wellington  are  good  foundation  for  his  conclusion.  Iiji  fact,  there 
is  a  true  "  friction  of  rest ;"  it  is  the  quantity  which  measures  the  ad- 
hesion of  a  heavy  body  to  the  surface  upon  which  it  remains  at  rest.  Its 
value  can  be  determined  on  any  one  of  the  many  machines  known  to  me, 
and,  I  presume,  it  in  all  cases  represents  a  limit  to  which,  under  the 
given  conditions,  the  yalue  of  the  friction  of  motion  approximates  as  the 
velocity  of  rubbing  decreases.  The  law  of  variation  of  the  co-efficient 
can  also  be  very  exactly  determined  on  any  of  these  machines  by  obtain- 
ing the  measure  of  the  co-efficient  at  different  speeds,  decreasing  in  vel- 
ocity down  to  as  near  zero  as  may  be  convenient,  and  then  plotting  the 
results  and  ascertaining  the  nature  of  the  curve  so  obtained. 

I  am  inclined  to  think  that  the  value  obtained  by  Mr.  Wellington  is 
more  nearly  correct — certainly  for  the  conditions  of  his  work — than  those 
obtained  by  me,  and  think  it  more  than  possible  that  his  interpretation 
of  the  cause  of  the  differences  noted  is  correct.  This  is  a  matter  that  I 
have  never  investigated  as  I  would  like. 

A  difference  is  pointed  out  between  the  results  obtained  by  Mr. 
Tower  and  by  myself.  This  difference  is  partly  due  to  difference  in  the 
methods  adopted,  that  of  Mr.  Tower  being  in  some  respects  different  from 
the  system  in  common  use,  which  I  endeavored  as  perfectly  as  possible  to 
follow,  but  also  to  the  fact  that  the  figures  quoted  from  my  book  repre- 
sent variations  due,  not  to  pressure  alone,  but  to  alterations  of  tempera- 
ture as  well,  which  latter  changes  brought  the  critical  point  at  which  the 
journal  begins  to  get  dry  probably  down  to  a  pressure  between  one  and 
two  hundred  pounds  per  square  inch.  A  better  set  of  figures  is  to  be 
found  at  page  177,  and  others  at  pages  173,  174  of  my  **  Friction  and 
Lubrication."  I  think  that  it  will  be  found  that  the  co-efficient  always 
decreases  with  increase  of  pressure,  and  at  low  pressures  very  rapidly, 
provided  that  the  lubrication  is  kept  thoroughly  effective.  Any  change, 
however  slight,  in  other  conditions  will  be  found  to  make  an  apparent 
modification  of  the  law.  The  quotation  from  Tower  represents  the  fact 
better  than  the  quotation  from  my  work.  Table  I,  here  given,  represents 
the  results  of  experiments  recently  made  on  the  same  journal  as  was  used 
for  the  work  described  at  page  177  of  ''Friction  and  Lubrication, "  a  half 
dozen  years  earlier.  The  difference  for  a  range  of  pressure  from  100  to 
267  pounds  per  square  inch  is  there  shown,  and  also  some  effect  of 
change  of  temperature : 
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TABLE  I. 

Kecoed  of  Tests  of  Lubricants — Sperm  and  Lard  OiiiS. 

Mechanical  Laboratory,  Defaetment   of  Engineering,  Stevens 
Institute  of  Technology. 


Composition — 
(1  )  Sperm  Oil 
(2.)  Lard  Oil  , 

Investigation — 

To  dotermine  effect 
of  pressure. 


No.  of  test 

Pressure  on  journal,  lbs.  per.  sq. 
inch 

Total  pressure  on  journal,  lbs 

Amount  of  oil  used  on  journal,  m. 
g 

Average  co-efficiout  of  friction. . . 

Minimum        "         "        " 

No.  of  rcvolutious  per  minute 

No.  of    feet  traveled  by  rubbing 
surface  per  miuute 

Elevation   of   temperature,   max. 
Fahr 


lA 

2a 

IB 

2()T 

2r,7 

100 

80(1 

800 

300 

Full 

and 

Iree 

0.00.5o 

0.010 

0.009 

0.004 

0.004 

0.003 

1000 

1000 

1000 

330 

330 

330 

45' 

TO' 

30 

2b 

100 
300 

supply. 
0.013 
0.016 
lOOO 

330 

50^ 


DO 

(=5 

a>  oj 
H 

Co-pfficient 
of  Friction. 

Time. 
Minutes. 

Tempera- 
ture. 

3  o     j 

£h     1 

O  o       ' 

Time. 

Minutes. 

Tempera- 
ture. 

Co-eflRcient 
of  Friction. 

lA 

2\ 

i!5 

0 

90 

0.007 

0 

85 

0.021 

0 

90 

0.012 

5 

10.-) 

O.OOG 

5 

105 

0.014' 

5 

100 

0.009 

10. 

r-0 

0.00  J 

!0 

13!) 

0.013 

10 

110 

o.cos' 

15 

i:;o 

0.005 

]5 

150 

0.007 

15 

112 

0.008 

20 

i;;o 

0.0U5 

•:o 

155 

0.000 

20 

115 

O.OC- 

25 

•J  :!5 

0.001 

i'5 

J  55 

0.(01 

25 

117 

COOS 

30 

lo5 

0.004 

30 

1[.5 

O.OOl 

30 

120 

0.008 

Averaj 

;e  0.0053 

Average 

O.OiO 

A      - 

0."'."t 

30 


s 

H     • 

2b 

0 

82 

5 

110 

10 

125 

0.022 

0.017 

0.015 

l.!7     '     0.014 

1.1)  0.013 

0.013 

Ui     j     0.013 

Average,     0.016 
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Eecokd  of  Tests  of  Lubkicants — Mixed,  Mineeal  and  Animal. 

Mechanical   Labokatoey,    Depaetment    of    Engineeeing,   Stevens 
Institute  of  Technology. 


Composition  — 
Heavy  petroleum,  80    & 
Lard.  20 

No  of  test 

I. 

100 

300 

Full  and 

0.0U7 

0.0103 

1200 

400 
60° 

II. 

Pressure  on  journal,  lbs.  per  sq.  inch.  ... 
Total  pressure  on  journal  lbs 

267 
800 

Investigation  — 

To  determine  effect 

Amount  of  oil  used  on  journal,  m.  g 

Average  co-efficient  of  friction 

free  supply, 
0.0073 

of  pressure. 

Minimum        "          "        "       

0.0059 

Revolutions  per  minute 

1200 

No.  of  feet  traveled  by  rubbing  surface  per 
minute 

400 

Elevation  of  temperature,  max.  Fahr 

70° 

Time. 
Minutes. 

Temperature. 
85 

Co-eflficient  of 
Friction. 

Time, 
Minutes. 

Temperature. 

Co-efficient  of 
Friction. 

I.         0 

0.0333 

II.       0 

90 

0.0093 

5 

130 

0.0147 

5 

115 

0.0081 

10 

135 

0.0127         i 

10 

135 

0.0081 

15 

140 

0.0107 

;         15 

145 

O.0OC3 

20 

145 

0.0107 

20 

150 

0.0059 

25 

145 

0.0103 

25 

155 

0.0063 

30 

145 

0.0103 

30 

160 

0.0069 

Average 

0.0147 

Average 

0.0073 
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TABLE  II. 

Recokd  of  Tests  of  Lubricants — Miner al  Oil. 

Mechanical  Laboratory,  Department  of  Engineering,  Stevens 
Institute  of  Technology. 


Composition — 

(1.)     Heavy      black 
petroleum. 

No.  of  test 

1 

2 

3 

Pressure    on  journal,   lbs.    per  ^sq. 
inch. 

267 

267 

267 

(2.)  Sperm  oil. 

Total  pressure  on  journal,  lbs 

800 

800 

800 

(3.)  Lard  oil. 

Amount  of  oil  used  on  journal,  m.  g. 

Full  and 

free 

supply. 

nvestigation — 

Average  co-efficient  of  friction 

O.OU 

0.0053 

0.010 

To  determine  effect 
of  temperature. 

Minimum        "          *'        "        

No.  of  revolutions  per  minute 

0.010 
1000 

0.004 
1000 

0.004 
1000 

No.  of  feet  traveled  by  rubbing  sur- 
face per  minute 

330 
90' 

330 
45' 

330 

Elevation  of  temperature,  max  ,Fahr. 

70' 

•iH     fl 

BE 

CD 

'So 

"I' Eh 

O    +H 

O  o 

1          Time. 
'='            Minutes. 

i 

B2 

EH 

9         Co-efficient 
§         of  Friction. 

in 

•is 

<v  6 
H 

'5o 
O  o 

0 

85° 

0.016 

90 

0 

85 

0.021 

5 

135 

0.013 

5 

105 

0.006 

5 

105 

0  014 

10 

160 

0.010 

?         10 

120 

0.006 

!      10 

130 

0.013 

15 

165 

0.015 

15 

130 

0.005 

15 

160 

0.007 

20 

170 

0.015 

1         20 

133 

0.005 

20 

155 

0.006 

25 

175 

0.015 

25 

135 

0.004 

25 

155 

0.004 

30 

175 

0.015 

30 

135 

0.004 

30 

i 

155 

0.004 

Average . . 

0.014 

Average.. 

0.0053 

Average.. 

0.010 
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Recoed  of  Tests  of  Lubricants — Mixed,  Minekaij  and  Animal   Oil. 

Mechanical  Laboeatoey,  Depaetment   of  Engineeeing,  Stevens 
Institute  of  Technology. 


Composition — 

Heavy  petroleum,  80 

Lard.  20. 

Investigation — 

To  determine  effect 
of  heat. 


No.  of  test 

Pressure  on  journal,  lbs.  per  sq- 
inch 

Total  pressure  on  journal,  lbs. . . 

Amount  of  oil  used  on  journal,  m. 
g 

Average  co-efficient  of  friction 

Minimum        "  "        "       .... 

Total  No.  of  revolutions 

Total  No.  of  feet  traveled  by  rub- 
bing surface 

Elevation  of   temperature,   max., 
Fahr 


Else. 

Fall. 

Else. 

100 

.... 

100 

100 

■300 

300 

300 

Full 

and 

free 

0.018 

0.007 

0.0154 

0.004 

0.005 

0.005 

270° 

120° 

220° 

FaU. 


100 
300 

supply. 
0.008 
0.006 


120= 


4?  '^ 

a  1 
It 

.5 

Co-efficient 
of  Friction. 

Tempera- 
ture—Fall. 

Co-efficient 
of  Friction. 

Tempera- 
ture— Rise. 

Co- efficient 
of  Friction. 

h 

■*^  d' 
«  o 

o  o 
O  o 

70 

340 

0.005 

110 

0.043 

340 

0.006 

120 

0.067 

330 

0.005 

120 

0.040 

330 

0.006 

130 

0.063 

320 

0.005 

130 

0.040 

320 

0.006 

140 

0.057 

310 

0.006 

140 

0.040 

310 

0.006 

150 

0.043 

300 

0.006 

150 

0.035 

300 

0.006 

160 

0.030 

290 

0.006 

160 

0.025 

290 

0.007 

170 

0.027 

280 

0.007 

170 

0.020 

280 

0.007 

180 

0.020 

270 

0.007 

180 

0.016 

270 

0.008 

190 

0.027 

280 

0.007  \ 

190 

0.015 

260 

0.008 

200 

0.013 

270 

0.007 

200 

0.012 

250 

0.010 

210 

0.010 

260 

0.008 

210 

0.011 

240 

0.010 

220 

0.008 

250 

0.008    : 

220 

0.009 

230 

0.011 

230 

0.006 

240 

0.009  i 

230 

0.007 

220 

0.012 
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Tempera- 
ture=Kise. 

=     P           Co-efficient 
I     g         of  Friction . 

1         CI 

Tempera- 
ture—Fall. 

0  3 

ai  a! 
u  tn 

2  1 

i 

240 

+3         . 

a  a 

.a,  ^ 

H  5 

(3  a 

240 

230 
220 

0.010 
0.012 

0.006 

210 

0.013 

250 

u.uuo 

2.'^0 

0.006 

260 

0.005 
0.005 

210 

0.012 

260 
270 

0.006 
0.006 

Average. .. 

0.008 

270 

280 

0.005 
0.004 

Average. . . 

0.007 

280 
290 

0.005 
0.005 

290 

300 

0.004 

300      ^ 

0.005 

310 

0.004 

310 

0.005 

320 

0.005 

320 

0.005 

330 

0.005 

330 

0.005 

340 

0.005 

1 

1 

340 

0.006 

Average . 

0.018 

1 
Average... 

0.015 

The  same  differences  are  seen  to  be  given  in  Table  II. 

In  i^assing,  it  may  be  remarked  that  the  curious  and  important  effect 
of  flooding  the  journal  with  oil  by  running  it  in  a  bath  has  been 
explained,  at  the  last  meetings  of  the  British  and  the  American  Associa- 
tions (Montreal  and  Philadelphia),  in  a  very  ingenious  and  interesting 
manner,  by  Professor  Reynolds,  who  ascribes  this  phenomenon  to  the 
action  of  fluid  friction  in  causing  a  static  head  at  the  crown  of  the 
journal  by  the  conversion  of  dynamic  head,  when  the  flow  of  the  oil  with 
the  journal  surface  is  checked  by  contraction  of  the  channel  as  the  two 
surfaces  approach  the  line  of  bearing. 

Mr.  Wellington,  discussing  the  proportion  of  friction  due  to  journal 
friction  only,  in  railway  work,  misapprehends  the  statement  made  at 
page  205,  "Friction  and  Lubrication,"  to  which  he  refers.  The  correct 
statement  is  that  "  the  experiment  was  recently  tried,  on  one  of  the  great 
railroads  of  this  country,  of  using  pure  lard  oil  in  summer  and  the  best 
of  sperm  oil  in  winter,  on  freight  trains,  employing  a  man  to  attend 
simply  to  lubrication.  The  effect  was  to  increase  the  number  of  cars 
which  could  be  hauled  by  each  engine  about  ten  per  cent.,  and  to  secure 
much  greater  regularity  of  service." 

This  statement  was  not  intended  to  bear  upon  the  assertion  that  the 
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axle  and  flange  friction  can  be  neglected.  The  first  statement  is  one  of 
fact,  and  the  second  is  one  of  deduction,  which  could  only  be  correct 
under  the  assumption  that  the  conditions  of  axle  friction  were  the  best 
possible.  I  am  not  sure  that  it  is  even  then  true  in  general,  and  am  per- 
fectly sure,  as  is  every  railway  engineer,  that  it  cannot  l:)e  true  of  the 
average  train  in  average  condition  of  journal.  The  saving  made  as 
above  stated  was  due  to  the  better  preservation  of  journals,  the  more 
careful  selection  of  lubricants,  and  the  promptness  with  which  defective 
journals  were  removed. 

I  agree  with  Mr.  Wellington  perfectly  in  what  he  has  to  say  here  as 
to  the  real  value  of  the  resistance.  The  load  which  an  engine  can  draw 
at  low  speed  on  a  level  track  is  that  which  it  can  start  from  rest.  With 
the  system  of  loose  coupling  this  is  a  limit  which  is  far  higher  than  with 
the  system  of  rigid  coupling  in  use  on  our  passenger  trains. 

It  is  a  pleasure  to  find  such  accordance  as  is  said  to  exist  between  the 
experiments  of  Mr.  Wellington  and  my  own  in  the  determination  of  the 
effect  of  variation  of  temperature.  Of  the  nature  of  the  general  efiect 
there  is  now,  I  think,  no  doubt.  The  extent  of  this  variation  is  subject 
to  modification  by  circumstances,  which  will  probably  bear  further 
investigation. 

Table  II  contains  figures  recently  obtained,  and  which  may  serve  to 
supplement  those  which  I  have  previously  published.  A  difierence  is 
always  observed  between  the  figures  obtained  during  the  rise  and  dur- 
ing the  fall  of  temperature.  This  is  due  partly,  if  not  principally  and 
usually,  to  the  fact  that  the  thermometer  takes  up  the  heat  at  a  some- 
what different  rate  from  the  journal  surface.  The  figures  taken  during 
the  fall  of  temperature  are  probably  those  which  are  to  be  adopted, 
except  in  cases  in  which  the  temperature  has  been  so  high  as  to  affect 
the  surface  of  the  journal  and  bearing  or  to  alter  the  lubricant.  These 
tables  also  illustrate  the  reduction  of  the  co-efficient  of  friction  with 
increase  of  pressure,  and  the  fact  commented  upon  by  the  writer  of  the 
paper.  The  discrepancies  thought  to  exist  between  the  experiments  of 
Mr.  Tower  and  those  made  by  me  have  really  no  existence.  In  the  fig- 
ures given  at  page  188  of  "Friction  and  Lubrication,"  referred  to  by  Mr. 
Wellington,  the  speed  was  so  low  that  the  limit  of  good  effect  seems  to 
have  fallen  under  200  pounds.  At  higher  speeds  this  limit  rises  far 
above  that  pressure.  The  results  there  given  can  only  be  interpreted 
for  the  peculiar  conditions  there  existiug.      Since  the  dat^  of  their  pub- 
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lication  we  have  learned  more  definitely  what  are  the  effects  of  such 
variations  of  condition. 

I  shall  take  the  earliest  opportunity  to  study  the  details  of  the  paper 
here  discussed,  and  shall,  I  have  no  doubt,  have  occasion  to  reassert  the 
opinion  which  I  have  formed  already  in  regard  to  its  value,  and  to  con- 
sider the  facts  presented  as  among  the  most  interesting  and  valuable 
that  have  yet  been  published  on  this  very  important  subject.  In  the 
next  edition  of  "Friction  and  Lubrication,"  now  nearly  ready  for  the 
press,  I  shall  endeavor  to  profit  both  by  Mr.  Wellington's  criticisms  and 
by  his  suggestions,  as  well  as  by  the  new  information  which  he  has  con- 
tributed. 

W.  S.  AucHiNCiiOSS,  M.  Am.  Soc.  C.  E. — Mr.  Wellington's  apparatus 
might  be  so  constructed  that  the  constant  weight,  205  pounds,  also  the 
applied  weights,  WW,  could  be  counterpoised,  and  the  problem  thus 
reduced  to  simply  that  of  weighing  the  statical  effect  of  friction  upon 
the  platform  scale. 

If  the  top  brass,  B,  is  designed  to  represent  the  brass  on  a  railway 
car  axle,  and  the  lower  brass,  B,  one  on  the  opposite  end  of  same  axle, 
the  frictional  results  will  be  approximately/  correct  for  an  entire  axle,  but 
can  never  be  taken  as  absolutely  the  equivalent  of  what  occurs  in  prac- 
tice, for  the  lubrication  of  the  lower  brass  will  always  be  more  perfect 
than  on  the  upper  brass,  also  the  rocking  of  the  brasses  at  high  veloci- 
ties will  yield  different  gripping  effects,  which,  being  exerted  on  one 
and  the  same  journal,  will  render  it  more  liable  to  heat  than  it  now  is  in 
daily  service,  with  a  single  brass  on  the  one  journal. 

There  are  very  many  features  and  conditions  of  the  railway  axle- 
journal,  brass  and  box,  which  are  expressed  with  difficulty  in  a  testing 
machine,  but  the  device  of  Mr.  Wellington  will  give  results  that  are 
close  approximations  to  those  that  occur  in  railway  service,  and  will, 
doubtless,  yield  valuable  data  when  revised  and  experimented  with  in 
an  exhaustive  way,  taking  into  consideration  every  velocity,  load,  pro- 
portion of  parts,  and  variety  of  lubricant  and  mode  of  lubrication. 

D.  J.  Whittemoee,  President  Am.  Soc.  C.  E.— The  experimental 
results  contained  in  this  interesting  paper  showing  decreased  journal 
friction  under  increased  velocity  of  revolution  should  receive  the  earnest 
attention  of  railway  managers,  as  showing  at  what  speed  of  train, 
economy  of  journal  friction  is  attained. 
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Considering  time,  power,  motion  and  matter  in  the  abstract,  I  think 
it  will  be  conceded  that  to  produce  instant  motion  throughout  all  the 
particles  of  a  mass,  however  small,  requires  infinite  force.  Even  elimi- 
nating inertia  from  the  problem,  I  very  much  doubt  whether  the  absolute 
resistance  of  journal  friction  in  initial  and  infinitely  slow  velocity  of 
matter  in  contact  can  be  determined  with  close  approximation  by  the 
ingenious  appliance  used  in  these  experiments. 

All  motion  generated  through  human  appliances  appears  first  as  a 
series  of  shocks,  as  in  steam  entering  the  ports  of  an  engine,  transmitted 
through  its  connected  parts,  not  perfectly  diffused  by  any  balancing  ar- 
rangement, thence  through  shafting  more  or  less  elastic,  perhaps  through 
vibrating  belts,  and  thence  to  the  journal  under  test,  and  for  these  rea- 
sons may  be  considered  as  revolving  through  the  force  of  almost  infinit- 
esimal shocks  of  impact.  Motion  generated  by  the  agency  of  the  human 
hand  is  far  from  uniform.  The  action  of  the  heart  itself  gives  impact 
to  stress  exerted  by  the  hand.  For  these  reasons,  I  am  under  the  con- 
viction that  the  frictional  resistance  from  a  state  of  rest  to  that  of  in- 
finitesimal motion  is  underrated  by  the  writer.  Friction  imj)lies  motion; 
therefore,  I  quite  agree  with  the  writer  that  there  is  no  such  resistance 
as  friction  of  rest,  but  I  can  conceive  that  there  is  a  resistance  to  initial 
movement  for  which  the  term  friction  of  rest  is  not  proper. 

To  my  mind,  the  appliance  used  by  the  writer  is  admirably  adapted 
for  ascertaining  the  average  frictional  resistance  of  journals  under  vary- 
ing speeds  of  revolution,  the  real  object  desired.  In  fact,  it  may  be 
termed  an  averaging  as  well  as  weighing  appliance,  the  difficulty  expe- 
rienced in  the  attemj)t  to  use  spring  balances  on  the  first  lever  being  so 
fully  overcome  by  passing  the  successive  shocks  of  motion  through  the 
leverage  system  of  the  platform  scale. 

With  so  much  to  commend  in  the  endeavor,  purpose  and  ability 
displayed  in  conducting  these  experiments,  it  is  with  reluctance  that  I 
feel  it  just  and  j)roper  to  take  issue  with  the  writer  in  the  statement, 
*'that  no  theoretical  loss  whatever  exists  from  the  compression  of  a 
perfectly  elastic  substance  such  as  a  rail  may  be  assumed  to  be,  and  to  a 
great  extent  the  entire  permanent  way  as  a  whole  under  a  rolling  load." 
Under  a  static  load  this  is  true,  and  this  static  condition  is  a  demonstra- 
tion of  its  truth,  but  under  motion  of  the  rolling  body  and  the  resulting 
forces  brought  into  play,  it  is  evident  to  me  that  the  elastic  curve  in 
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front  or  in  the  direction  of  the  movement  is  of  different  form  and  of 
greater  resistance  to  the  rolling  body  than  that  in  the  rear.  The  form 
that  the  surface  of  water  takes  in  front  and  to  the  rear  of  swiftly  moving 
vessels  illustrates  in  an  aggregated  degree  the  idea  I  wish  to  convey, 
and  it  is  clear  to  my  mind  that  what  is  called  rolling  friction,  a  mis- 
nomer for  rolling  resistance,  cannot  be  a  constant  quantity  for  all  veloci- 
ties, but  is  of  varying  value,  dependent  on  and  increasing  in  some  ratio 
to  the  velocity  and  weight  of  the  rolling  body. 

Wilson  Ckosby,  M.  Am.  Soc.  C.  E.— If,  in  Mr.  Wellington's  appa- 
ratus, we  consider,  as  he  does,  in  his  explanation,  that  the  levers  are 
blocked  up,  and  that  then  the  lower  brass  be  brought  up  so  as  just  to 
touch  the  under  side  of  the  journal,  but  to  receive  no  pressure  from  it, 
then,  on  the  blocking  being  removed,  the  condition  of  affairs  supposed 
by  him  will  exist,  that  is,  the  sum  of  the  pressures  from  both  brasses 
on  the  journal  will  be  nearly  twice  that  coming  from  the  upper  brass. 

Both  of  these  pressures  operate  to  cause  friction. 

Supposing  all  parts  of  the  machine  to  be  strong  enough,  it  is  evident 
that  the  yoke  may  be  set  up  to  such  a  degree  of  tightness  that  the 
brasses  will  clasp  the  journal  so  closely  as  to  render  it  impossible  for  it 
to  be  turned. 

In  this  case  the  pressure  coming  on  the  upper  brass  through  the  pin 
-D  would  be  no  measure  whatever  of  the  journal  pressure. 

On  the  other  hand,  if  the  lower  brass  is  left  slack— does  not  touch  the 
under  side  of  the  journal  (corresponding  to  the  case  of  car  journals) — the 
total  pressure  is  that  coming  on  the  ujoper  brass. 

It  is  not  stated  exactly  how  Mr.  Wellington's  apparatus  was  adjusted 
in  this  respect,  nor,  certainly,  what  he  took  as  his  pressure  giving  the 
friction,  but  it  appears  as  though  he  took  the  half  sum  of  the  pressures 
from  the  two  brasses. 

If  this  be  so,  in  thus  considering  only  half  the  pressure  instead  of 
the  whole,  as  he  should,  did  he  not  get  his  co-efficient  of  friction  twice 
as  large  as  it  should  be  ? 

A.  M.  Wellington,  M.  Am.  Soc.  C.  E.— The  possible  error  suggested 
by  Mr.  Crosby  is  no  doubt  something  which  might  easily  occur,  only, 
fortunately,  it  did  not.  It  was  intended  to  make  this  perfectly  clear  in 
several  places  in  the  paper,  where  the  pressure  on  both  brasses  is  spoken 
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of,  and  notablj  in  the  headings  to  Table  I,  where  both  the  total 
pressure  and  the  pressure  per  square  inch  is  given  in  full,  requiring 
that  both  brasses  should  be  considered  to  make  the  two  correspond. 
The  computation  of  leverage  is  not  affected  by  the  use  of  two  instead  of 
one  brass.  I  may  also  note  that  Mr.  Crosby's  suggestion  that  the  lower 
brass  might  be  left  slack,  confining  the  total  pressure  to  the  upper  one, 
is  not  a  possible  one.  To  have  the  apparatus  operative  at  all,  the  pres- 
sure on  the  two  brasses  must  be  equal,  except  for  the  trifling  difference 
of  the  dead  weight  of  the  apparatus. 

Heney  R.  Towne,  M.  Am.  Soc.  C.  E. — These  experiments  were 
obviously  directed  chiefly  to  the  determination  of  questions  relating  to 
railroad  practice,  and  as  such  are  somewhat  removed  from  general  dis- 
cussion. The  subject  of  journal  friction,  however,  is  one  of  wide 
interest  and  great  importance,  so  that  all  engineers  are  interested  in 
anything  which  contributes  to  a  better  understanding  of  it. 

The  most  novel  and  interesting  point  developed  by  Mr.  Wellington 
is  in  regard  to  what  has  heretofore  been  designated  as  the  friction  of 
rest,  as  distinguished  from  the  friction  of  motion.  Accepting  his  tests, 
it  seems  proven  that  there  is  no  discernible  difference  between  the 
friction  in  starting  and  the  friction  of  very  slow  motion,  his  tests  indi- 
cating the  same  co-etficient  with  a  given  speed,  whether  that  speed  was 
reached  by  starting  from  a  state  of  rest  or  slowing  down  from  a  more 
rapid  motion.  This  fact  has  direct  application  to  many  classes  of 
machines  in  which  the  speeds  of  shafts  are  very  slow,  as,  for  instance, 
in  hoisting  machines  operated  by  hand.  It  has  been  customary  hereto- 
fore to  assume  a  uniform  co-efficient  of  friction  for  all  ordinary  speeds 
in  estimating  the  useful  effect  of  a  given  piece  of  mechanism,  but  in 
view  of  Mr.  Wellington's  tests  it  would  seem  that  the  co-efficient  should 
be  varied  with  reference  to  the  speed  of  rotation  in  the  case  of  machines 
in  which  any  of  the  revolving  parts  move  very  slowly. 

The  statement  that  "the  character  and  completeness  of  lubrication  '* 
are  more  important  than  the  kind  of  lubricant,  or  even  than  the  pres- 
sure and  temperature,  will  meet  with  general  acceptance.  The  curious 
results  obtained  by  Mr.  Beauchamp  Tower  in  his  recent  tests  have  called 
attention  to  the  importance  of  a  point  heretofore  too  often  looked  upon 
as  trivial,  viz. :  the  location  and  shape  of  the  oil  ways  on  the  journal. 
The  experiments  both  of  Mr.  Tower  and  Mr.  Wellington  emphasize  the 
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fact  that  thorough  lubrication  is  the  all-important  factor  in  determining 
the  co-efficient  of  friction  of  journals  ;  that  an  oil  bath  gives  the  best 
possible  result,  and  that,  where  this  is  not  possible,  pad  lubrication  is 
the  next  best.  Excluding  these,  the  various  remaining  w^ays  require  to 
be  selected  according  to  the  circumstances  of  each  case.  The  result  to 
be  sought,  however,  is  the  same  in  all  cases,  namely,  a  lubrication  so 
thorough  as  to  insure  the  floating  of  the  journal  on  a  film  of  oil.  Where 
this  is  thoroughly  accomplished  the  co-efficient  of  friction  then  becomes 
that  of  the  lubricant  rather  than  that  of  the  two  metals  forming  the 
journal  and  its  bearing. 

This  latter  question  is  so  important,  and  we  are  at  present  so  much  in 
the  dark  concerning  many  of  the  important  facts  involved,  that  it  is 
greatly  to  be  desired  that  further  investigations  should  be  undertaken. 
If  the  Society  could  in  some  manner  assume  the  conduct  of  such  experi- 
ments, giving  direction  to  them  while  in  progress,  and  tabulating  and 
publishing  their  results  when  completed,  it  would  subserve  one  of  the 
most  useful  ends  for  which  it  can  exist,  and  I  suggest  that  this  question 
should  be  considered  in  connection  with  the  discussions  arising  from 
Mr.  Wellington's  paper. 

Chaeles  Paine,  Past-President  Am.  Soc.  C.  E. — This  is  a  valuable 
paper,  and  with  most  of  Mr.  Wellington's  deductions,  from  the  experi- 
ments by  himself  and  others,  I  am  inclined  to  agree;  hoping,  however, 
for  a  more  complete  series  of  experiments  to  confirm  them.  The  cost  of 
making  such  is  not  considerable,  and  would  be  more  than  regained,  I 
believe,  by  any  of  our  great  railroad  companies  which  might  undertake 
them,  in  the  more  certain  knowledge  which  would  be  obtained  of  the 
performance  to  be  relied  upon  in  locomotives,  and  of  the  effect  of  an  in- 
crease in  the  loading  of  cars.  We  are  quite  in  the  dark,  as  yet,  as  to  what 
increase  of  friction  has  been  caused  by  raising  the  loads  upon  cars  from 
10  to  25  tons. 

Upon  the  Lake  Shore  and  Michigan  Southern  Railway  an  increase 
in  the  maximum  load  from  10  to  15  tons  per  car,  and  of  4  tons  in 
the  average  load  actually  carried,  was  not  discovered  by  the  locomotive 
drivers  ;  on  the  contrary,  much  effort  being  made  by  the  division  sujDer- 
intendents  to  get  the  utmost  performance  out  of  their  locomotives,  the 
number  of  cars  hauled  by  each  engine  was  increased  at  the  same  time  as 
the  loads.     This  experience,  with  others,  and  the  experiments  given  in 
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this  paper,  make  me  think  that  the  usual  manner  of  estimating  and  stat- 
ing the  values  of  friction  in  pounds  per  ton  is  a  misleading  one,  because 
the  increase  in  load  has  so  little  effect  in  increasing  the  friction.  Mr. 
Tower's  remark,. quoted  in  the  paper  before  us,  *'that  it  almost  seemed 
at  times  as  if  it  was  approximately  true  that  the  absolute  loss  by  friction 
was  entirely  independent  of  load,"  may  be  taken  to  confirm  this  view,  and 
is  one  which  for  other  reasons  deserves  the  attention  of  railroad  engineers. 

Some  experiments  of  Mr.  Dudley  with  his  dynamometer  car  confirm 
Mr.  Wellington's  conclusions  as  to  the  great  importance  of  lubrication 
as  affecting  train  resistances.  I  may  mention  also,  as  confirming  the 
views  of  this  paper,  that  his  experiments  with  stock  trains  upon  the 
Erie  Division  of  the  Lake  Shore  and  Michigan  Southern  Kail  way,  where 
the  grades  do  not  exceed  13  feet  per  mile,  showed  that  the  economical 
speed  (so  far  as  the  demand  upon  the  power  of  the  locomotive  was 
concerned)  is  about  18  miles  per  hour. 

In  considering  the  "resistance  of  freight  trains  at  starting,"  Mr. 
Wellington's  remarks  are  in  favor  of  the  present  "slack"  in  freight 
trains,  which  may  not  be  justified  by  experiment ;  at  least  we  do  not 
know  how  much,  or  rather  how  little,  slack  is  necessary  to  permit  each 
car  to  be  started  separately.  It  was  once  believed  that  the  Miller  and 
the  JauQcy  buffing  platforms  would  prevent  the  starting  of  long  pas- 
senger trains  ;  yet  the  elasticity  of  the  spriogs  in  the  couplings  allows 
of  sufficient  slack  for  all  practical  purposes.  In  Europe  there  is  no 
such  thing  as  a  slack  coupling  on  railway  trains. 

I  presume  that  Mr.  Wellington  would  himself  confine  the  reductions 
in  grade  at  stations,  to  which  he  refers,  provided  they  would  add  to  the 
cost  of  construction,  to  termini  of  divisions  or  other  main  stopping 
places  ;  for  a  railway  which  is  completely  equipped  for  the  cheapest  car- 
riage of  freight  will  not  stop  its  heavy  trains  except  to  change  engines. 
Ramsbottom's  trough  was  designed,  I  believe,  for  saving  the  time  of  ex- 
press passenger  trains  ;  yet  it  is  much  more  important  to  save  the  cost 
of  the  stops  of  heavy  freight  trains.  The  presence  of  shunting  engines 
at  large  stations,  which  can  be  employed  to  assist  in  starting  trains  at 
little  additional  expense,  would  also  enter  into  the  calculation,  when  the 
cost  of  any  modification  of  grade  is  considered. 

F.  M.  Wilder,  M.  Am.  Soc.  C.  E. — I  am  pleased  with  this  machine 
for  testing  the  friction,  and  think,  following  the  general  idea,  attachments 
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can  be  devised  for  getting  the  velocity,  pressure  and  temperature  giaj^h- 
ically.  As  far  as  I  have  read  and  thought  of  the  figures  presented,  and 
the  conclusions  drawn  from  them,  I  find  they  agree  somewhat  with  con- 
clusions which  I  came  to  from  experiments  made  with  the  dynamometer, 
although  I  think  the  initial  friction  is  too  high  for  thoroughly  lubricated 
car  journals,  as  also  the  friction  at  speeds  of  10  to  15  miles  per  hour.  I 
have  not  had  time  to  compare  my  figures,  but  I  found,  in  substance,  that 
the  dynamometer  showed  on  a  level  straight  track,  at  a  speed  of  15  miles 
per  hour,  the  total  resistance  through  a  distance  of  2  to  3  miles  was  3.25 
pounds  per  ton,  as  calculated  carefully  from  a  card  which  was  made 
automatically,  and  with  a  train  weighing  750  tons.  Of  course,  the  element 
of  instrumental  error  for  the  machinery  would  be  less  with  such  large 
forces  than  with  smaller  ones. 

The  resistance  in  this  case  should  be  divided  into  jourual  and  wheel 
and  flange  friction,  and  also  atmospheric  resistance;  and  I  am  satisfied 
that  this  would  bring  the  journal  resistance  down  to  about  2.5  pounds 
per  ton  with  300  pounds  per  square  inch  of  journal  surface.  I  shall 
hope  to  find  leisure  to  discuss  the  paper  further,  with  which  I  am  much 
pleased  so  far  as  I  have  examined  it. 

Mr.  John  W.  Cloud. — The  great  dearth  of  positive  data  on  the  sub- 
ject of  friction  with  lubrication,  together  with  the  consequent,  or  allied, 
primitiveness  of  existing  methods  of  lubrication,  renders  all  new  light 
upon  the  subject  very  valuable.  The  question  is,  however,  so  much  one 
of  conditions  that  the  value  of  any  new  results  depends  as  much  upon 
the  fidelity  and  completeness  with  which  the  conditions  are  given  as  it 
does  upon  the  accuracy  and  completeness  of  the  recorded  results. 
There  is  already  published  enough  jDartial  information  to  completely 
befog  an  already  mystified  engineer,  and  it  behooves  him  to  examine  all 
new  data  with  care,  and  to  accept  only  that,  all  the  conditions  of  which 
are  explicitly  stated  as  being  correct  under  such  circumstances,  and  to 
be  skeptical  of  any  general  deductions  based  on  existing  fabrics  of  in- 
formation. 

In  studying  the  question  of  ''friction  at  low  velocities,"  and 
especially  of  starting  or  "  initial  friction,"  Mr.  Wellington  has  done 
well  to  begin  by  making  an  improved  testing  machine,  and  he  has  em- 
ployed a  form  of  construction  which  is  better  for  this  purpose  than  any 
I  have  before  seen.     The  pendulum  machine  of  Prof.  Thurston  is,  per- 
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haps,  as  good  for  low  velocities  when  constant,  but  to  measure  the 
friction  at  the  moments  of  starting  and  stopping,  which  the  author  calls 
**  initial  friction,"  is  clearly  beyond  the  capabilities  of  the  pendulum 
machine,  while  it  is  perfectly  feasible  with  Mr.  Wellington's  type.  I 
cannot  but  regard  the  former  as  a  more  convenient  form  of  machine, 
however,  for  showing  the  correct  friction  at  constant  velocities,  whether 
high  or  low,  under  any  given  conditions. 

The  main  point  is  to  have  the  conditions  such  that  they  can  be  given 
so  as  to  be  understood,  and  here  I  think  both  these  machines  are  at 
fault  for  any  valuable  scientific  work,  or  for  any  further  use  than  com- 
parisons, such  as  tests  of  oils,  etc. ,  because  they  both  require  two  bear- 
ings to  fit  the  same  journal. 

It  may,  perhaps,  be  safely  assumed  that  over  ninety-nine  (99)  per 
cent,  of  the  mileage  of  car  journals  is  made  with  the  journals  and  bear- 
ings in  good  order,  and  any  one  who  has  had  extended  experience  with 
oil-testing  machines,  and  with  railway  rolling  stock,  knows  that  "  good 
order  "  in  service  means  much  better  surfaces  than  can  be  had  or  main- 
tained by  wearing  them  in  a  testing  machine  where  the  bearings  are 
frequently  removed  from  the  journals  and  dust  has  an  opportunity  to 
enter. 

It  follows  that  "good  order  "  in  service  is  a  much  more  definite  state- 
ment of  condition  than  can  be  otherwise  had,  and  I  think  nothing  would 
be  quite  as  satisfactory  as  axles  drawn  from  service  in  good  order,  and 
placed  in  the  testing  machine,  with  the  bearings  which  had  been  worn 
to  the  journals  in  service,  and  if  the  results  are  to  be  applied  to  the 
resistance  of  railway  trains  as  now  run,  the  journal  box  should  be  in 
place  with  its  sponging  during  the  test,  or  an  equivalent  well  be  placed 
under  the  journal  to  fulfill  the  same  conditions.  It  may  be  possible  to 
wear  two  bearings  to  the  same  journal,  successively,  in  service,  and  then 
remove  the  axle  and  use  it  in  Mr.  Wellington's  machine  with  both  bear- 
ings (if  proper  care  be  taken  in  oiling),  and  get  results  which  would  be 
more  reliable  than  anything  now  on  record,  but  this  would  not  be  quite 
as  satisfactory  because  of  the  difference  in  the  conditions  of  the  bearings 
and  in  the  lubrication. 

There  is  nothing  in  Mr.  Wellington's  paper  to  show  that  this  method 
was  followed,  and,  if  it  was  not,  I  think  the  resistances  per  ton  may 
readily  be  fifty  (50)  per  cent,  higher  than  they  should  be  to  represent 
average  surfaces  on  account  of  the  condition  of  the  surfaces,  and  upon 
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the  supposition  that  the  lubrication  of  each  bearing  was  equal  to  that  of 
service,  the  latter  condition  being  rather  difficult  to  fulfill  with  pads, 
when  the  journal  has  bearings  on  opposite  sides. 

On  account  of  the  extreme  uncertainties  of  other  resistances  in  rail- 
way trains  besides  journal  friction,  I  cannot  see  that  the  results  of  total 
resistances  of  cars  can  be  adduced  to  justify  the  accuracy  and  repre- 
sentativeness of  journal  frictional  resistances  as  determined  on  this 
machine  ;  in  fact,  I  have  frequently  found  with  dynamometer  car  a  total 
train  resistance,  in  still  weather,  of  four  (4)  pounds  per  ton  with  loaded 
cars  and  five  and  one-half  (5^)  pounds  per  ton  with  empty  cars  on  level 
tangents  at  ten  (10)  miles  per  hour,  which  includes  journal,  track  and 
air  resistances,  and  I  am,  therefore,  skeptical  of  the  high  figures  given  by 
Mr.  Wellington  as  journal  frictional  resistances  alone,  as  representing 
average  service  ;  but  they  may,  doubtless,  be  readily  had  with  slightly 
inferior  bearing  surfaces  or  states  of  lubrication.  Further,  in  many 
hundreds  of  comparative  oil  tests  on  a  Thurston  machine,  each  test 
lasting  for  one  hour,  with  3^"  x  7"  journal  and  a  total  pressure  on  both 
bearings  of  8  680  pounds,  and  a  speed  equivalent  to  fifteen  (15)  miles  per 
hour  with  thirty-three  (33)  inch  wheel,  with  a  temperature  of  bearings 
maintained  at  100°  F.,  and  with  two-thirds  (^)  cu.  cm.  of  mineral  oil 
applied  to  the  journal  at  the  commencement  of  the  test  and  no  addition 
afterwards,  with  a  narrow  strip  of  canton  flannel  lamp-wick  let  into  the 
lower  bearing  to  act  as  a  redistributor  of  oil  and  to  catch  the  worn  par- 
ticles, we  have  obtained  an  average  co-efficient  of  friction,  for  the  hour, 
mostly  ranging  between  0.0050  and  0.0060,  equivalent  to  about  one  (1) 
pound  to  one  and  one-quarter  (1^)  pounds  per  ton  resistance.  But  then 
it  must  be  added  that  the  journal  is  of  hardened  steel,  which  doubtless 
reduces  the  friction,  and  no  care  has  been  spared  to  make  good  bearing 
surfaces  and  to  keep  them  in  order.  They  do  not,  however,  fit  their 
journals  as  well  as  do  good  bearings  in  service.  It  is  quite  imj^ossible 
to  make  any  direct  comparison  of  such  tests  with  Mr.  Wellington's 
results,  but  they  certainly  would  offer  some  grounds  for  believing  his 
figures  to  be  too  high. 

In  regard  to  starting,  or  initial  friction,  I  have  never  made  any  ex- 
periments on  an  oil-testing  machine,  as  it  is  not  within  the  range  of  the 
Thurston  machine  to  do  so;  but  it  is  well  known  that  starting  friction  is 
far  in  excess  of  subsequent  frictional  resistance,  and  I  regard  the  extent 
of  this  excess  in  railway  service  to  be  dependent  upon  many  things. 
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such  as  kind  of  oil,  weather,  time  of  rest  and  condition  of  surfaces,  and 
their  various  combinations;  and,  in  regard  to  the  author's  deductions 
from  the  tests  under  the  head  of  "initial  friction,"  would  object  to  his 
drawing  the  final  conclusion,  No.  5,  that  "there  is  no  such  phenomenon 
"  in  journal  friction  as  a  friction  of  rest,  in  distinction  from  friction  of 
"  motion."  I  understand  a  force  to  be  that  which  produces,  or  tends  to 
produce,  to  retard  or  to  change  the  direction  of  motion,  and  that  fric- 
tion is  a  force  whose  tendency  is  to  retard  motion  under  certain  circum- 
stances, and  believe  it  is  as  scientifically  correct  to  speak  of  a  "friction 
of  rest"  as  it  is  to  speak  of  the  resistance  to  a  compressive  force  of  a 
pole  which  supports  a  weight  against  the  action  of  gravity;  and  if  there 
is  no  friction  of  rest  I  ask  :  what  is  the  force  that  prevents  a  car 
starting — by  the  action  of  gravity — down  a  grade  less  than  52 . 8  feet  per 
mile,  since  the  resistance  to  rolling  on  the  rails  is  so  very  small  ? 

This  "friction  of  rest,"  doubtless,  becomes  the  same  as  the  "initial 
friction  "  at  the  instant  of  starting;  but  it  may  be  anything  between 
that  and  zero  while  standing,  as  it  is  possible  for  any  force  not  capable 
of  producing  motion  to  be  acting  to  produce  it,  and  the  force  of  friction 
simply  counteracts  it,  and  no  more.  The  author  seems  to  have  lost  sight 
of  the  fact  that  forces  may  be  acting  and  counteracting  without  any 
resultant  motion. 

In  regard  to  "the  extent  of  the  conversion  into  heat  of  the  energy 
lost  by  friction,"  the  author  seems  to  be  very  far  out.  The  indestructi- 
bility of  matter,  the  continuity  of  motion,  and  the  persistence  of  energy 
in  some  form  or  other,  have  been  sufficiently  well  established.  But  here 
we  have  a  proposition  amounting  to  a  positive  annihilation  of  energy; 
for  any  "work  done  against  the  molecular  cohesion  of  the  iron  and 
brass,"  or  "in  producing  molecular  changes  in  the  lubricant,"  would 
appear  afterwards  in  some  form,  or  be  annihilated.  It  does  not  appear 
in  the  fact  of  attrition  or  in  molecular  changes  in  themselves,  unless 
the  oil  is  volatilized,  because  the  iron  and  brass  or  the  lubricant  have  no 
more  inherent  energy,  at  the  same  temperature,  in  the  changed  state, 
than  they  had  before— in  fact  they  have  less,  in  proportion  to  the  work 
done  upon  them,  and  an  equivalent  amount  of  heat  or  other  form  of 
energy  has  appeared  in  its  stead.  It  is  possible  that  a  certain  portion 
may  take  the  form  of  electricity,  but  it  must  be  very  small;  at  least  we 
have  employed  very  delicate  means  to  detect  it,  and  have  discovered  no 
electric  current.     In  regard  to  chemical  changes  in  the  lubricant,  I  can 
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see  no  reason  for  supposing  such  to  take  place,  unless  the  lubricant  con- 
tains something  which  will  attack  the  iron  or  brass  at  the  temperatures 
existing,  in  which  case  it  is  in  so  far  an  improper  lubricant.  Further,  I 
understand  it  to  be  a  pretty  general  principle,  and  perhaps  universal, 
that  chemical  changes  are  accompanied  by  the  liberation  of  heat  rather 
than  by  its  absorption;  so  that  there  seem  to  be  very  sufficient  reasons, 
since  we  can  j&nd  no  appreciable  electric  current,  for  considering  that 
an  amount  of  heat  equivalent  to  the  work  done  in  overcoming  friction 
must  appear  and  must  take  the  form  of  sensible  temperature,  in  good 
service,  as  there  is  nothing  to  be  melted  or  volatilized  which  could  cause 
it  to  disappear  and  become  latent  heat. 

To  follow  Mr.  Wellington  still  further  in  this  matter,  he  says: 
*'  It  seems  probable  from  the  very  facts  advanced  by  Mr.  Tower 
*'  that  only  a  fraction  of  the  power  lost  with  the  lowest  co-efficient 
'*  of  friction  can  reasonably  be  accounted  for  as  converted  into  heat; 
"  so  that,  if  so,  the  argument  falls  to  the  ground  by  proving  too 
**  much."  Then  follows  Mr.  Tower's  case,  which  is  put  in  such  a  way 
as  to  be  rather  indefinite  in  meaning  and  capable  of  two  or  three  con- 
structions, there  being  no  distinction  made  between  the  number  of 
square  inches  of  bearing  surfaces  in  contact  and  the  number  of  square 
inches  of  radiating  surface  or  of  metallic  section  to  conduct  the  heat 
away.  I  will,  therefore,  not  attempt  to  discuss  Mr.  Tower's  case,  but 
offer  the  following  to  show  that  there  is  no  difficulty  in  accounting  for 
the  dispersion  into  the  air  of  the  heat  generated  on  the  supposition  that 
it  is  to  be  an  equivalent  of  the  work  performed  in  overcoming  the  jour- 
nal friction. 

In  order  that  the  matter  be  not  complicated  by  grades  and  curves, 
we  will  suppose  a  level  tangent  and  a  total  resistance  per  ton  of  6 
pounds,  at  a  speed  of  15  miles  per  hour,  and  a  train  weight  above  the 
journals  of  2  000  tons.  We  will  further  suppose,  what  we  have  reason 
to  believe  to  be  more  nearly  the  case,  that  one- half  of  this  resistance 
only  is  due  to  journal  friction.  Taking,  then,  Mr.  Wellington's  diam- 
eters of  journals  and  wheels  and  his  approximate  ratios,  and  assuming 
that  our  2  000  tons  is  carried  on  800  journals  (100  cars),  we  have  on  each 
axle  (2  journals)  a  weight  of  jftve  (5)  tons  or  3  x  5  =  15  pounds  resistance 
per  axle.  As  fifteen  (15)  miles  per  hour  is  equivalent  to  1  320  feet  per 
minute,  we  have  1  320  X 1^  =  19  800  foot  pounds  converted  into  heat  per 

axle  per  minute,  equal  to  —^f^j^  =  25i  heat  units  per  minute;  or,  as  the 
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specific  heat  of  iron  is  about  ^,  there  is  sujBQcient  heat  to  raise  the  tem- 
perature of  230  pounds  of  iron  1  degree  F.  per  minute.  The  wheels  and 
axle,  to  say  nothing  of  the  journal  box  and  bearing,  will  weigh  at  least 

1  400  pounds,  and  will  require  =  6  -f-  minutes  to  raise  the  average 

temperature  of  the  maFs  1  degree  P.,  if  there  is  no  loss  by  dispersion. 
The  temperature  is,  doubtless,  raised  more  at  the  journal;  but  it  must 
be  remembered  that  iron  is  a  good  conductor  of  heat,  and  that  it  will  be 
rapidly  conducted  away  as  the  temperature  of  the  journal  rises. 
Further,  we  have  found  that  the  temperature  of  journals  in  good  order, 
immediately  after  a  long  run,  is  from  15  degrees  to  20  degrees  F.  above 
that  of  the  air.  By  the  time  such  increase  of  temperature  is  reached  at 
the  journal  it  may  easily  be  understood  that  the  whole  mass  of  1  400  to 
1  500  pounds  is  sufficiently  warmed  up  to  act  as  a  very  efficient  means 
for  dispersing  the  heat  into  the  air  through  which  it  is  rapidly  moving 
as  the  heat  is  generated. 

Further,  unless  electric  currents  are  generated,  or  something  is 
melted  or  volatilized,  it  seems  certain  that  an  equivalent  of  the  6  pounds 
per  ton  total  resistance  is  finally  dispersed  into  the  air  as  sensible  heat; 
otherwise  it  is  difficult  to  see  where  it  will  appear. 

The  air  resistance  warms  theair  directly,  and  perhaps  the  cars.  The 
rolling  friction  warms  the  wheels  and  the  rails,  thus  giving  an  additional 
amount  of  heat  for  the  former  to  disperse,  which  they  are  doubtless 
capable  of  doing. 

If  the  surmise  is  correct,  that  Mr.  Wellington  has  obtained  frictional 
resistance  considerably  higher  than  average  results  in  service,  due  to  in- 
ferior conditions  of  bearing  surfaces  and  lubrication,  it  will,  prob- 
ably, apply  with  especial  force  to  the  figures  he  has  used  under 
"Resistances  of  Freight  Trains  in  Starting,"  because  the  "initial" 
friction  is  probably  affected  more  in  proportion  with  inferior  surfaces 
than  friction  at  speed.  There  is  no  doubt,  however,  that  the  existence 
of  slack  and  elasticity  in  draft  springs  enables  a  locomotive  to  start  a 
greater  load  than  it  would  be  otherwise  able  to  do.  There  is  one  very 
essential  point,  however,  which  Mr.  Wellington  does  not  recognize,  at 
least  not  to  its  full  extent,  as  he  has  not  considered  it  in  determining  the 
reductions  of  grade  which  "it  is  believed  to  be  the  first  thing  to  be  at- 
tended to  in  laying  out  a  new  road  or  improving  an  old  one,"  viz.,  the 
fact  that  a  locomotive  can  exert  at  le^st  twice  the  pull  at  starting  that  it 
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can  at  a  speed  of  about  twenty  (20)  miles  per  hour,  due  to  the  fact  that 
there  is  enough  time  to  exhaust  a  cylinder  full  of  steam  without  causing 
appreciable  back  pressure,  whereas,  at  the  higher  speed,  the  admission 
of  steam  must  be  suppressed  early  and  the  exhaust  must  open  early  to 
get  the  maximum  pull  possible  at  that  speed.  The  weight  on  drivers 
must,  of  course,  be  sufficient  to  enable  the  engine  to  exert  the  maximum 
pull  at  starting,  and  yet  there  is  not  such  a  material  excess  of  adhesive 
weight  for  the  pull  at  speed,  partly  on  account  of  less  time  for  new  sur- 
faces to  interlock,  and  sometimes  largely  on  account  of  the  variations  in 
pressure  of  drivers  upon  the  rails  due  to  the  vertical  excess  of  counter- 
balance. In  fact,  I  have  known  engines  to  slip  at  speed  which  would 
exert  twice  the  pull  at  starting  on  an  equally  good  rail  without  slipping. 
It  is  certainly  desirable  to  make  use  of  this  extra  power  available  in 
starting  trains  rather  than  to  make  such  extensive  grade  reductions  as 
Mr.  Wellington  believes  should  be  made,  especially  when  we  consider 
how  many  heavy  trains  run  by  stations  where  other  trains  stop,  and 
would  be  obliged  to  mount  the  unnecessary  grades. 

Mr.  Beauchamp  Tower. — I  will  first  deal  with  the  references  which 
the  author  has  made  to  the  experiments  conducted  by  me  for  the  Insti- 
tution of  Mechanical  Engineers. 

The  reason  why  my  experiments  show  a  lower  co-efficieat  of  friction 
generally  than  Professor  Thurston's,  is  that  my  experiments  were  mostly 
conducted  with  oil  bath  lubrication,  which  is  probably  the  most  perfect 
possible  method  of  lubrication,  and  consequently  gives  the  lowest  possible 
co-efficients.  The  reason  for  adopting  this  method  of  lubrication  is 
stated  at  the  beginning  of  my  report. 

With  regard  to  initial  friction,  the  author  is,  I  think,  mistaken  when 
he  says  that  I  found  initial  friction  about  twice  as  great  as  friction  in 
motion.  I  made  no  experiments  on  initial  friction.  I  think  that  he 
must  have  misunderstood  my  statement  that  the  result  of  reversing  the 
motion  of  the  journal  was  for  a  time  to  double  the  normal  friction  (top 
of  page  635),  and  supposed  that  I  referred  to  initial  friction,  which  I 
did  not. 

The  author  is  also  mistaken  in  saying  that  the  superior  lubricating 
power  of  sperm  oil  does  not  appear  in  the  results  of  my  experiments;  I 
must  refer  him  to  Table  XI  and  the  note  underneath  it. 

I  must  also  refer  the   author  to  Table  IX  to  show  that  the  effect  of 
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variation  of  friction  with  temperature  was  a  subject  of  observation.  It  will 
be  observed  that  friction  diminished  with  an  increase  of  temperature. 
It  must  be  borne  in  mind  that  this  was  with  oil-bath  lubrication,  which 
means  a  perfect  oil  film  between  the  journal  and  brass,  and  it  was  doubt- 
less due  to  the  oil  becoming  more  fluid  and  less  viscous  with  the  higher 
temperature. 

With  regard  to  the  author's  remarks  on  my  letter  to  the  Engineer,  of 
April  4th,  stating  my  belief  that  the  co-efficient  of  friction  in  practice 
was  more  like  .0035  than  .035,  and  giving  reasons  for  the  opinion  based 
on  the  rate  of  generation  of  heat  and  the  temperature  necessary  to  carry 
off  that  heat  to  the  surrounding  air: — 

I  should  first  say  that  when  I  expressed  that  opinion  I  had  in  my  mind 
a  large  engine,  such  as  marine  engine,  bearings,  in  which  such  speeds 
and  pressures  are  not  only  often  attained,  but  frequently  exceeded. 
These  are  bearings  in  which  the  direction  of  the  force  is  rapidly  alternat- 
ing, and  the  oil  given  an  opportunity  to  get  between  the  surfaces,  while 
the  duration  of  the  force  in  one  direction  is  not  sufficient  to  allow  time 
for  the  oil  film  to  be  squeezed  out.  The  opinion  which  I  hold  that, 
owing  to  greater  facilities  for  perfect  lubrication,  the  friction  of  a  bear- 
ing under  reciprocating  force  is  considerably  less  than  that  under  a  con- 
stant load  in  one  direction,  is  supported  by  the  fact  that  it  is  found  in 
practice  that  a  bearing  under  the  former  condition  will  work  satisfac- 
torily under  a  very  much  heavier  load  per  square  inch  than  under  the 
latter. 

For  instance,  250  pounds  per  square  inch  cannot  be  much  exceeded 
with  safety  on  a  railroad  axle,  but  1  000  pounds  per  square  inch  is  not 
uncommon  on  a  crank  pin;  so  that  when  I  say  that  I  think  the  co-efficient 
of  friction  is  about  300  on  the  crank-pin,  I  may  quite  consistently  hold 
that  it  is  very  likely  about  1^0  io  a  railway  axle. 

Now,  with  regard  to  the  question  of  the  rate  of  generation  of  heat  and 
my  illustration  of  the  rate  of  the  passage  of  heat  through  the  sheets  of  a 
locomotive  fire-box,  the  author  says  that  I  take  for  granted,  without 
proof,  that  all  the  energy  destroyed  by  friction  is  converted  into  heat.  I 
can  only  say  that  my  warrant  for  so  doing  are  the  celebrated  experiments 
of  Dr.  Joule,  which  proved  that  energy  destroyed  by  friction,  of  no 
matter  what  kind  or  between  what  materials,  was  converted  into  heat  at 
the  rate  of  772  foot  pounds  per  unit,  and  upon  which  the  whole  modern 
science  of  thermo-dynamics  is  founded,  and  to  prove  my  view  to  be  a 
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fallacy  he  must  first  prove  Joule's  experiments  and  the  thermo-dynamic 
theory  to  be  fallacious. 

The  author  holds  that  my  illustration  of  the  rate  of  the  passage  of 
heat  through  the  sheets  of  a  locomotive  fire-box  proves  so  much  too 
mnch  that  it  disproves  itself.  I  think,  however,  that  he  has  overdone 
the  proof  a  good  deal  in  his  calculation  to  show  this.  He  assumes  that 
the  only  barrier  to  the  passage  of  the  heat  between  the  fuel  on  one  side 
of  the  sheet,  at  say,  3  340°  and  the  water  on  the  other  side,  at  say  340°,  is 
the  want  of  power  of  conduction  of  the  metal  of  the  sheet,  that  is  to  say. 
the  temperature  of  one  side  of  the  sheet  is  the  same  as  that  of  the  fire, 
and  that  of  the  other  side  the  same  as  that  of  the  water,  no  difi'erence  of 
temperature  being  necessary  to  cause  the  required  quantity  of  heat  to 
pass  from  the  fuel  to  the  sheet  on  one  side,  or  from  the  sheet  to  the 
water  on  the  other,  but  the  whole  of  the  3  000°  being  devoted  to  causing 
the  heat  to  pass  through  some  half  inch  of  copper  or  iron.  Were  this  view 
correct  the  quantity  of  water  evaporated  by  a  fire-box  would  be  directly 
in  proportion  to  the  conductivity  of  the  metal  and  inversely  in  propor- 
tion to  the  thickness  of  the  plates;  that  is  to  say,  that  a  copper  box  would 
evaporate  about  twice  as  much  as  an  iron  one  per  square  foot  per  hour, 
and  one  made  of  |^-inch  plates  twice  as  much  as  one  made  of  ^-inch 
plates.  We  know  that  this  is  not  the  case.  We  also  know  that  no  part 
of  the  metal  of  the  box  is  ever  at  a  temperature  of  3  000°,  or  anything 
approaching  it,  from  the  fact  of  the  metal  remaining  in  a  solid  state. 

Indeed,  from  the  fact  of  the  metal  retaining  its  strength  and  not  bulg- 
ing between  the  stays,  there  is  very  good  reason  for  believing  that  no 
part  of  it  has  ever  been  more  than  600°  or  700^.  Thus  a  difference  of 
temperature  of  about  2  700°  has  been  necessary  to  cause  the  heat  to  pass 
from  the  fuel  to  the  sheet.  Supposing  this  passage  of  heat  is  due  only 
to  contact  of  hot  air,  and  we  neglect  radiation  altogether,  and  take  the  au- 
thor's figures,  showing  that  the  passage  of  heat  between  a  solid  and  water 
is  150  times  as  quick  as  that  between  a  solid  and  air .  We  have  seen  that 
2  700  difference  was  necessary  to  cause  the  transfer  of  the  heat  from  the 
air  to  the  sheet,  and  we  may,  therefore,  assume  that  1 5  „  of  this,  or  18°, 
will  be  necessary  to  cause  the  transmission  of  the  same  quantity  of  heat 
from  the  sheet  to  the  water.  We  thus  have  fuel  at  3  340°,  one  side  of 
the  sheet  at  700°,  the  other  side  at  358°,  and  the  water  at  340°.  The  dif- 
ference between  the  temperatures  of  the  two  sides  of  the  sheet  is  thus 
342° ,  or  only  about  i\  of  that  on  which  the  author's  calculations  are  based. 
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Of  course,  these  figures  cau  have  no  pretension  to  exact  accuracy,  but  I 
feel  sure  that  they  represent  the  state  of  things  much  more  nearly  than 
the  author's  calculation.  There  is  also  the  fact,  which  I  pointed  out  in 
my  letter  to  the  Engineer^  that  each  square  inch  of  bearing  is  in  metallic 
connection  with  a  great  many  square  inches  of  surface  in  contact  with 
the  air,  which  facilitates  the  conduction  of  the  heat  to  the  air.  But  still, 
with  all  these  deductions,  the  difficulty  is  still  sufficiently  great  to  require 
a  very  low  co-efficient  of  friction  to  explain  it. 

My  own  idea  is  that  the  trouble  caused  by  the  tendency  to  heat  re- 
ferred to  by  the  author  was  caused  only  by  his  working  with  an  exces- 
sive co-efficient  of  friction,  or,  in  other  words,  an  insufficient  lubrication. 

I  tbink  it  probable  that  the  rolling  friction  being  greater  than  is  sup- 
posed will  account  for  the  actual  tractive  force  required  for  railway  ve- 
hicles. 

No  doubt,  if  the  metal  of  the  wheel  tires  and  rails  were  perfectly  elas- 
tic and  not  strained  at  the  point  of  contact  beyond  their  limit  of  elas- 
ticity, and  also  if  the  rails  themselves  rested  on  a  perfectly  elastic  or  per- 
fectly rigid  bed,  that  the  rolling  friction  would  be  nothing.  But,  as  a 
fact,  rails  and  wheel  tires  wear  out,  which  is,  I  think,  a  proof  that  some 
of  the  metal  is  strained  beyond  its  elastic  limit  and  crushed  whenever  a 
wheel  rolls  over  a  rail.  The  imperfect  elasticity  of  the  road-bed  is  also  an- 
other cause  of  resistance.  Every  time  a  train  passes,  the  sleepers  or  cross- 
ties  are  pressed  down  further  into  the  ballast  than  they  rise  up  again 
after  the  train  has  passed  ;  thus  the  train  is  always  running  against  a 
slight  gradient  due  to  this  cause.  It  seems  to  me  that  it  would  be  very 
important  and  desirable  to  obtain  a  separate  determination  of  rolling  re- 
sistance of  railway  vehicles.  It  would  be  easy  to  do  this  by  attaching 
tires  on  to  a  solid  cylinder  of  cast-iron  of  the  same  diameter  as  the  wheel 
to  be  represented,  and  about  6  feet  long  ;  the  tires  being  put  on  to  the 
proper  gauge,  the  cylinder  could  be  run  on  a  railroad  and  its  rolling  re- 
sistance determined.  It  would  thus  be  easy  to  get  a  load  of  5  or  6 
tons,  if  required,  on  the  equivalent  of  a  pair  of  wheels  without  any  axle 
friction  at  all. 

A.  M.  Wellington,  M.  Am.  Soc.  C.  E. — Certain  questions  of  great 
interest  are  raised  in  the  discussions  which  have  been  presented,  on  which 
I  desire  to  add  a  word  further.  I  will,  therefore,  pass  over  as  briefly  as 
possible  certain   points,  which  are  ol  minor  and  merely  personal  im- 
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portance,  not  affecting  the  subject  itself  appreciably,  but  simply  my 
handling  of  it.  Mr.  Cloud's  interpretation  of  my  statement  that  there 
was  no  such  phenomenon  in  journal  friction  as  a  **  friction  of  rest, 
as  distinct  from  a  friction  of  motion,"  into  a  denial  that  no  friction  exists 
between  bodies  at  rest  tending  to  resist  motion,  was  probably  an  inad- 
vertence, since  it  does  entire  violence  to  my  language  in  the  immediate 
context.  What  I  did  assert  was  simply  that  experiment  showed  that 
there  was  no  difference  in  the  nature  or  quantity  or  co-efficient  of 
journal  friction  at  rest  or  under  very  slow  continuous  motion,  but  that 
both  were  very  large  as  compared  with  journal  friction  at  working  speeds. 
This  fact,  and  the  fact  that  the  st  ite  of  lubrication  affected  the  co  effi- 
cient so  slightly  at  O  +  speeds  was  thought  to  be  new. 

Mr.  Cloud  also  appears  to  have  overlooked  my  statement  that  the 
bearings  and  axles  were  stated  to  have  been  loaned  from  an  oil  testing 
machine  in  use  on  the  Lake  Shore  and  Michigan  Southern  Railway,  and 
were  "fairly  well  polished  by  use  up  to  their  average  condition  in 
service  and  no  more."  The  condition  of  the  bearings  was  thus  not  left 
in  doubt,  although  the  wording  of  the  sentence  perhaps  gives  a  some- 
what too  favorable  view  of  their  actual  condition.  Though  the  eye  could 
detect  no  difference  from  the  ordinary  fine  polish  of  a  journal  and  the 
bearings  had  been  much  used,  they  were  probably  not  as  finely  fitted  to 
each  other  as  even  an  average  journal  in  service. 

In  reference  to  Mr.  Tower's  discussion,  the  need  for  certain  of  his 
minor  corrections  in  respect  to  the  differences  between  his  co-efficients 
and  Prof.  Thnrston's,  the  supposed  statements  in  his  report  as  to  initial 
friction,  the  comparative  superiority  of  sperm  oil  over  others,  and  the 
effect  of  temperature  on  friction,  may  have  arisen  in  part  from  the  fact 
that  his  full  report  was  not  accessible  to  me,  but  only  the  abstract  which 
appeared  in  the  Engineer  of  March  7-21,  1884,  and  in  part  to  some 
mutual  misapprehensions,  both  on  my  part  and  on  his,  of  the  meaning 
intended  to  be  conveyed.  As  these  differences  are  in  no  way  radical,  and 
as  their  cause  and  the  extent  to  which  they  are  in  fact  corrections  will 
be  obvious  to  those  caring  to  investigate,  more  detailed  discussion  of 
them  seems  unnecessary. 

Mr.  Tower's  statement  that  his  expression  of  belief  that  actual  co- 
efficients of  friction  were  nearer  to  .0035  (or  0.7  pounds  per  ton)  than  to 
0  035  (or  7  pounds  jier  ton),  had  reference  to  reciprocating  bearings  of 
large  marine  and  other  engines  rather  than  to  railroad  practice,   also 
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removes  a  part  of  the  diflQciilty  which  I  found  in  it.  From  the  use  of  the 
illustration  of  a  locomotive  fire-box  a  contrary  inference  seemed  natural. 

I  may  again  state  that  my  conclusions  given  as  to  the  co-efficient  of 
initial  friction  were  mainly  based  upon  a  long  series  of  tests  of  rolling 
stock  in  actual  service,  and  not  upon  laboratory  tests  with  the  apparatus 
here  described,  although  the  two  happened  to  nearly  coincide.  I  do  not 
understand  Mr.  Cloud  to  disj^ute  that  ordinary  railroad  cars  will  not 
start  of  themselves  on  a  grade  of  less  than  1  per  cent,  or  20  pounds  per 
short  ton  resistance.  The  existence  of  slack  in  long  freight  trains,  ena- 
bling the  cars  to  be  started,  as  it  were  in  detail,  is,  of  course,  a  very  im- 
portant element  in  handling  them,  or  the  trains  now  handled  could 
probably  no'  be  handled  at  all. 

The  suggestion,  offered  by  Mr.  Cloud,  that  a  freight  engine  has  an 
advantage  in  starting,  which  I  did  not  fully  consider,  in  that  it  has  time 
enough  to  use  a  cylinder  full  of  steam,  I  do  not  understand  to  be  an  im- 
portant one,  siQce  cylinder  power  is  rarely  the  weak  point  of  affreight 
engine,  but  rather  adhesion.  A  well-designed  freight  engine  is  sup- 
posed to  have  cylinder  power  enough  to  slip  its  drivers  (in  other  words, 
use  up  its  full  adhesion),  as  a  matter  of  course,  and  it  generally  does  so 
liberally. 

That  there  is  any  measurable  excess  of  adhesion  in  starting  a  train, 
over  that  existing  at  15  or  20  miles  per  hour,  and  especially  any  such 
difference  as  '*at  least  twice  as  much  at  starting,"  independent  of  the 
use  of  sand,  as  Mr.  Cloud  states,  is  something  which  I  have  never 
heretofore  known  to  be  asserted.  All  the  information  and  experimental 
data  now  known  to  me  as  on  record,  including  notably  Capt.  Douglas 
Galton's  and  Mr.  Geo.  Westinghouse's  exhaustive  and  elaborate  experi- 
ments on  brake  friction,  seem  to  positively  contradict  Mr.  Cloud's 
first  reason  for  this  statement,  that  the  co-efficient  of  friction  between 
rail  and  wheel  is  greater  at  slow  speeds  "on  account  of  less  time  for 
new  surfaces  to  interlock,"  *  and  as  to  the  effect  of  the  centrifugal  force 

*Capt,  Galton's  exact  language  is:  "The  amount  of  frictional  resistance  which  de- 
termines the  point  at  which  the  rotation  of  wheels  is  checked  varies,  it  is  true,  in  the  dif- 
ferent experiments.  The  ratio  which  it  bears  to  the  weight  upon  the  braked  wheels  "  varies 
from  .19  to  .35,  averaging  .'25.  "  But  it  (the  variations)  clearly  represents  simply  the  adhe- 
sion between  the  wheel  and  the  rail,  and  varies  only  with  this,  and  not  with  the  speed. 
Thus  at  60  miles  per  hour,  diagram  15,  the  amount  of  frictional  resistance  which  checked 
the  rotation  of  the  wheels  was  about  2  000  pounds,  exhibiting  an  adhesion  of  about  .191  per 
cent. ;  at  15  miles  per  hour,  diagram  14,  2  I'iO  pounds,  or  .196  per  cent.  As  these  two  values 
are  so  nearly  equivalent,  it  would  appear  that  the  effort  is  much  the  same  at  all  speeds." 
"The  Pennsylvania  Railroad  Company,"  by  James  Dredge  :  Appendix  on  Brake  Trials. 
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of  the  counter- weights;  a  freight  train  laboring  between  stations  on  its 
maximum  gi-ade  (the  only  important  case  to  consider),  does  not  usually 
generate  any  very  serious  amount  of  centrifugal  force  in  the  drivers.  A 
hasty  computation  indicates  about  180  pounds  per  wheel  at  10  miles  per 
hour.  As  respects  high- speed  passenger  trains,  a  careful  test  by  the  late 
Prof.  Charles  A.  Smith,  M.  Am.  Soc.  C.  E.,  of  the  run  of  a  fast  passenger 
train  on  a  distance  of  110  miles,  readings  being  taken  at  every  mile  and 
10  miles,  showed  no  slipping  of  the  wheels  whatever.*  This  test  was, 
I  think,  by  far  the  most  careful  which  has  been  heretofore  made  and 
publicly  described  in  the  United  States,  and  would  seem,  on  its  face,  to 
be  decisive  as  respects  ordinary  American  practice,  although  "imper- 
ceptible slip,"  in  unequalized  European  locomotives  at  speeds  above  60 
miles  per  hour,  has  been  apparently  proven,  and,  perhaps,  also  in 
American  engines  at  such  speeds.  Mr.  Cloud's  extended  experience  and 
great  facilities  for  the  making  of  accurate  physical  tests  entitle  any  as- 
sertion from  him  to  great  respect ;  yet  a  statement  that  he  has  known 
engines  to  ''  slip  at  speed  which  will  exert  twice  the  pull  in  starting  on 
an  equally  good  rail,  without  slipping,"  is  so  difficult  to  reconcile  with 
the  other  authorities  quoted,  that  any  experimental  proof  of  it  would 
be  both  interesting  and  novel. 

I  might  further  add,  moreover,  that  the  reductions  of  grade  at  sta- 
tions suggested  by  me  were  not  intended  to  be  made  at  the  cost  of  an 
increase  of  grade  between  stations,  which,  I  think,  is  rarely,  if  ever, 
necessary,  a  little  care  and  trifling  expense  generally  sufficing.  I  have, 
myself,  found  no  difficulty  in  so  doing  on  several  continuous  ascents  of 
3  000  to  8  000  vertical  feet,  and  cannot  believe  the  difficulty  could  ever 
be  serious  in  dealing  with  the  lower  elevations  to  be  surmounted  east  of 
the  Kocky  Mountains.     In  general,  it  is  rather  a  convenience. 

In  respect  to  the  more  important  question  of  the  extent  to  which 
the  energy  lost  by  friction  may  take  other  forms  than  an  increase  of 
sensible  temperature,  in  which  my  suggestions  have  been  controverted 
by  Mr.  Tower  and  Mr.  Cloud,  as  the  subject  was  merely  incidentally 
connected  with  the  purpose  of  my  paper,  and  as  I  cannot  and  did  not 
claim  to  have  any  original  experimental  data  on  the  subject  to  con- 
tribute, an   elaborate   discussion  of  the  question — although  I  feel  the 

*  Tlie  record  of  this  test  will  be  found  in  detail  in  the  Railroad  Gazette,  1878,  p.  2i'3 
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difficulty  of  fully  accounting  for  the  large  amount  of  heat  that  must  be 
dissipated  is  by  no  means  fully  cleared  up  by  the  discussions  mentioned 
— would  lead  to  too  long  an  excursion  from  the  subject  now  under  dis- 
cussion. I  shall,  therefore,  content  myself  with  suggesting  some  of  the 
consequences  which  flow  from  admitting  that  all  this  energy  is  dissi- 
pated by  radiation  as  sensible  heat.  I  feel  justified  in  protesting,  how- 
ever, that  a  suggestion  that  part  of  this  energy  may  be  dissipated  in 
producing  chemical  or  molecular  changes  in  the  lubricant  or  metallic 
substances  was  in  no  respect  intended  to  be,  nor  is  it  fairly  open  to  the 
charge  of  being,  a  denial  or  neglect  of  the  well-est  iblished  theories  of  heat 
and  motion.  It  must  be  merely  by  inadvertence  that  Mr.  Tower  appears 
to  assert  that  Dr.  Joule's  experiments  necessarily  require  that  all  energy 
lost  by  friction  shall  be  converted  into  sensible  heat .  If  used  to  vapor- 
ize water,  for  instance,  only  20  per  cent,  becomes  so  measurable. 
Generation  of  electricity  is  another  of  the  possible  sources  of  loss,  into 
which  I  did  not  attempt  to  go  into  detail.  Mr.  Cloud's  discussion  seems 
to  disprove  the  existence  of  the  latter,  and  it  is  not  probable  that  there 
is  any  perceptible  vaporization  of  the  lubricants.  The  gradual  chemi- 
cal change  which  takes  place  in  a  lubricant  appears  to  be  generally 
admitted  to  be  a  form  of  oxidation,  which  would  liberate  more  heat 
rather  than  absorb  it;  but  since  every  chemical  process  is  capable  of 
reversion,  I  do  not  understand  Mr.  Cloud's  statement  to  be  entirely 
defensible,  that  "it  is  a  pretty  general  principle,  and,  perhaps,  uni- 
versal, that  chemical  processes  are  accompanied  by  the  liberation  of 
heat  rather  than  its  absorption."  Not  being  a  chemist,  however,  I  will 
not  further  discuss  it. 

It  should  be  noted  here,  however,  as  indicating  the  difficulty  which 
surrounds  the  subject,  that,  according  to  the  best  existing  experiments, 
those  of  M.  Peclet,*  the  rate  of  transmission  of  heat  through  iron  from 
water  to  water,  with  perfectly  clean  surfaces,  and  with  efficient  circula- 
tion of  water,  is  225  H.  U.  per  square  foot  per  hour  per  inch  of  metal,  for 
each  degree  of  difference  of  temperature  in  the  water,  or  0.13  H.  U.  per 
square  inch  per  hour  ;  any  dulling  or  incrusting  of  the  surface  having 
a  marked  injurious  efifect.  This  is  considerably  over  the  observed  rate 
of  transmission  of  heat  through  locomotive  fire-boxes,  which  is  about 
416  H.  U.  per  square  inch   per  hour,  corresponding   to  a  difi'erence  of 

*See  D.  K.  Clai-k's  "Manual  for  Meclianical  Engineers,"  p.  4G0. 
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temperature  of  3  200^,  with  1-inch  plates,  or  say  1  600°  for  i  inch  to 
i^g-inch  plates,  assuming  their  eflSciencj  for  transmitting  heat  to  be  re- 
duced one -half  by  dulled  surfaces.  That  the  temperature  of  the  inner 
surface  of  the  sheets  is  much  below  this,  and  especially  so  low  as  700°, 
as  suggested  by  Mr.  Tower,  will  hardly  seem  reasonable ;  nor  is  it  ne- 
cessary to  assume  that  it  is  from  considerations  of  injury  to  or  bulging  of 
the  plates,  as  a  brief  computation,  based  on  the  admitted  effects  of 
temperature  on  iron,  would  show;  nor  is  the  argument  advanced  by  Mr. 
Tower  of  the  almost  equal  efficiency  of  copper  and  steel  fire-boxes  so 
forcible  as  appears  at  first  sight,  since  well-established  and  independent 
experiments  show  that  copper  and  iron  dififer  but  slightly*  in  their 
efficiency  for  transmitting  heat  in  this  manner  and  under  these  condi- 
tions. As  iron  at  500°  F.  is  some  15  per  cent,  stronger  than  when  cold, 
Mr.  Tower's  assumed  maximum  temperature  would  leave  the  sheets 
considerably  stronger  than  with  no  fire  in  the  fire-box. 

Now,  at  If  pounds  per  ton  journal  friction,  with  a  bearing  of  24 
square  inches  sectional  area,  with  the  common  load  of  300  pounds  per 
square  inch  of  bearing  and  a  train  speed  of  55  miles  per  hour,  or  a  jour- 
nal speed  of  say  500  feet  per  minute,  one-fourth  as  much  heat  per  square 
inch  is  generated  as  passes  through  a  square  inch  of  a  locomotive  fire- 
box in  any  given  time.  This  heat,  neglecting  for  the  moment  what  is 
conveyed  away  by  the  oil  or  directly  radiated  from  the  bearing  to  the 
side  of  the  journal-box,  must  all  be  conveyed  away  (1)  through  a  beariDg 
and  wedge,  or  key,  of  about  24  square  inches  sectional  area,  and  2  inches 
thick,  or  (2)  through  an  axle  of  but  18  square  inches  section.  Air  is  ad- 
mitted to  be  at  least  100  times  less  efficient  than  water  for  conveying 
away  heat,  and  before  the  heat  has  traveled  a  distance  to  expose  100 
times  as  much  cooling  surface  as  the  heating  area  of  the  brass,  it  must 
travel  an  average  of  at  least  5  inches  through  solid  metal.  We  have 
then,  so  far  as  I  can  see,  the  following  conditions  : 

1.  A  difference  between  the  temperature  of  the  air  and  water  on  each 
side  of  the  locomotive  fire-box  of  3  000°,  at  least,  and  in  the  journal-box 
only  15°  to  20",  to  which  latter,  however,  something  should  be  added 
for  the  higher  temperature  of  the  oil  than  the  bearing  surface,  say,  fol- 
lowing Mr.  Tower's  figures  for  water,  18°,  the  total  difference  of  tem- 
perature then  becomes  only  -^^-q  part  as  large. 


*  ■'  to  to  3^0."  J^-  K.  Clark's  "  Manual,"  p.  401. 
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2.  We  have  an  average  of  5  inches  of  solid  metal  in  the  joilrnal-box, 
instead  of  i  inch  in  the  fire-box,  to  pass  the  heat  through  before  it 
reaches  an  equally  efficient  dissipating  surface.  This  alone  would  reduce 
the  heat  transmitted  to  2^0  P^^'^  of  what  passes  through  the  fire-box,  ex- 
cept for  the  fact  that  the  available  area  of  section  is  increasing  as  the 
heat  passes  farther  away  from  the  bearing.  The  net  difference,  conse- 
quently, is  no  doubt  much  less,  say  i  or  5,  instead  of  2^. 

These  two  causes  together  would  reduce  the  quantity  of  heat  trans- 
mitted to  4  J  0  oi"  5  0  0  part,  whereas,  as  a  matter  of  fact,  we  have  with  fast 
and  heavy  passenger  trains  nearly  one-fourth  as  much  heat  passing  away 
from  the  bearing  as  passes  in  an  equal  time  through  an  equal  area  of  the 
fire-box  sheets,  or  106  H.  U.  per  square  inch  per  hour  as  against  416  H. 
U.  per  square  inch  per  hour.  Mr.  Cloud's  illustration  of  a  slow  freight 
train  is  equivalent  to  63.6  H.  U.  per  square  inch  per  hour.  At  45  miles 
per  hour,  instead  of  15,  it  would  be  three  times  as  great.  It  is,  of 
course,  easy  to  include  the  whole  wheel  and  axle  as  radiating  surface, 
and  so  show  that  all  the  heat  can  disappear  if  it  once  reaches  it,  but  it 
hardly  seems  proper  to  do  so. 

For  the  above  reasons,  it  seems  to  me  impossible  to  account  for  such 
large  dissipation  of  energy  without  assuming  either  that  a  portion  of  it 
does  not  take  the  form  of  sensible  heat,  or  that  the  average  co-eflBcient  of 
service  is  very  much  lower  than  generally  supposed,  perhaps  under  1 
pound  per  ton. 

The  general  approval  expressed  of  the  design  of  the  apparatus  con- 
firms my  belief  that  it  possesses  special  advantages  for  solution  of  a 
number  of  important  and  still  unsettled  questions.  Mr.  Auchincloss' 
suggestion  that  the  dead  weight  of  the  apparatus  might  be  neutralized 
by  a  counterpoise,  thus  reducing  the  pressure  on  the  two  brasses  to  ab- 
solute equality,  is  a  good  one.  It  could  hardly  be  a  counterpoise  in  the 
ordinary  sense,  but  an  adjustable  spring  balance,  or  weighted  cord  pass- 
ing over  pulleys,  arranged  in  any  convenient  way  to  give  an  upward 
movement  equal  to  the  weight  of  the  apparatus,  would  accomplish  the 
end.  The  disadvantage  of  using  two  brasses  to  a  bearing  is  undoubted,  but 
it  can,  and  should  be,  in  part  done  away  with  by  facilities  to  throw  upon 
them  a  strong  blast  of  air,  preferably  of  compressed  air,  which  would 
produce  low  temperature  by  expansion.  With  these  conveniences, 
and  the  application  of  an  ice  trough  to  the  middle  of  the  axle, 
any  desired  temperature  might  probably  be  obtained   and   maintained. 


I 


DISCUSSION    ON   JOURNAL   FRICTION.  469 

measured  by  a  pair  of  thermometers  inserted  in  each  end  of  the  brass. 
There  can  be  no  rocking  of  brasses,  as  one  gentleman  has  suggested,  nor 
any  motion  whatever  of  any  part  of  the  apparatus  while  in  use,  except 
the  axle  itself.     A  complete  oil  bath  for  both  bearings  is  easily  arranged. 

As  respects  the  proportion  of  rolling  friction  proper,  between  rail 
and  wheel,  I  apprehend  that  I  may  have  estimated  it  too  small,  as  Mr. 
Cloud  suggests,  and  that  it  may  in  reality  be  1  or  2  pounds  per  ton,  or 
even  more.  While  hesitating  to  differ  from  our  respected  President,  I 
am  unable  to  see  how  any  theo7^etical  loss  of  energy  whatever  can  arise 
from  the  elastic  yielding  of  the  track,  returning  as  it  does  sensibly  to  the 
same  place.  Such  slight  loss  as  appears  to  actually  exist  is  easily 
accounted  for  by  the  loss  from  attrition,  gradual  crushing  of  the  ties, 
and  gradual  displacement  of  the  ballast.  The  plan  for  directly  testing 
rolling  friction,  suggested  by  Mr.  Tower,  by  using  a  solid  cylinder  of 
cast  iron  provided  with  tires,  had  also  occurred  to  myself,  and  might 
work  very  well  if  a  pair  were  connected  together  by  an  ordinary  truck 
frame,  but  otherwise  would  hardly  do,  as  a  single  pair  of  wheels  will  not 
work  at  all  well  on  track  on  account  of  its  tendency  to  skew.  If  con- 
nected in  this  way  by  bearings,  the  co- efficient  of  friction  is  so  much 
higher  with  light  loads  that  troublesome  corrections  are  again  necessary. 

It  would  be  fortunate  if  some  of  the  still  unsettled  and  possibly  highly 
important  questions  connected  with  journal  friction  could  be  investi- 
gated, by  a  committee  of  this  Society  or  otherwise,  as  Messrs.  Towne, 
Paine  and  Wilder  have  suggested.  The  usual  difficulty  will  probably 
prevent,  that  those  who  could  and  would  do  it  cannot  command  the  time 
or  incur  the  expense.  The  apparatus  here  described  can  be  so  cheaply 
fitted  up  in  any  shop  as  to  be  peculiarly  well,  I  think,  adapted  to  this 
purpose,  and  may  perhaps  lead  some  one  to  attempt  such.  For  making 
them,  in  addition  to  what  has  been  previously  suggested,  I  should  deem 
the  following  important  details  : 

1.  The  axles  and  brasses  to  be  experimented  on  should  be  drawn 
from  actual  service,  after  fitting  a  pair  of  bearings  to  each  journal,  so  as 
to  be  known  to  be  as  perfectly  fitted  as  in  actual  service.  Different 
qualities  might  well  be  used  on  different  journals. 

2.  The  platform  scale  should  be  fitted  with  automatic  movement  for 
the  poise,  such  as  can  be  furnished  by  several  makers,  connected,  prefer- 
ably, to  a  record  paper  moved  by  clock-work.  The  velocity  of  rotation 
is  readily  determined  in  advance  for  each  speed  of  the  lathe. 
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3.  Very  careful  arrangements,  by  the  use  of  ice  and  compressed  air, 
should  be  made  for  obtaining  any  desired  temperature  in  the  bearing 
fro  I  a  zero  up. 

4.  Facilities  for  momentarily  relieving  the  bearings  from  pressure 
should  be  provided.  Otherwise  the  initial  friction  cannot  in  general  be 
overcome  with  the  low  power  of  the  high-speed  gearing,  the  belt  slip- 
ping instead  and  causing  annoyance. 

In  addition  to  confirming  or  refuting  the  pretty  wide  range  of  tests 
which  were  covered  by  the  limited  series  I  was  able  to  make — and  which 
I  should  be  the  last  to  claim  were  adequate  to  settle  them  positively — 
important  subjects  for  tests  would  be  the  extent  to  which  friction  might 
be  modified  in  service  by  more  complete  lubrication,  approaching  as 
closely  as  might  be  to  a  bath  of  oil,  and  especially  the  effect  of  tempera- 
ture on  the  co-efficient  of  friction.  There  is  little  doubt,  I  think — 
although  I  will  not  assert  it  positively,  having  simply  the  remembrance 
of  general  observations  not  specifically  directed  to  that  one  point  to 
guide  me — that  the  difference  between  the  temperature  of  the  outside 
air  and  a  journal  bearing  in  good  order  in  regular  service  is  very  much 
greater,  perhaps  several  times  greater,  in  winter  than  in  summer.  If  so, 
and  if  all  the  energy  lost,  or  substantially  all,  takes  the  form  of  sensible 
heat,  the  rapidity  of  radiation,  and  hence  co-efficient,  must  be  in  close 
accordance  with  this  difference  of  temperature,  a  possibility  which,  if 
established  by  experiment,  might  have  the  most  important  practical 
consequences.  No  experimental  facts  are  now  extant,  so  far  as  I  know, 
in  reference  to  co-efficients  of  journal  friction  at  temperatures  at  or 
about  0°  F.,  not  even  dynamometer  tests  of  trains  in  service,  that  tem- 
perature not  being  a  favorite  one  to  choose  for  experimenting.  Moreover, 
it  is,  I  believe,  a  fact  that  the  bearings  of  fast  passenger  trains  are  not 
found  to  be  much,  if  any,  hotter  at  the  end  of  a  run  than  freight  trains 
at  i  or  ^  the  speed.  This  fact,  in  so  far  as  it  is  precisely  true,  would 
require  that  the  amount  of  heat  radiated  should  vary  precisely  as  the 
speed,  a  conclusion  which,  if  established,  has  a  possible  bearing  of  im- 
portance on  the  probable  loss  by  radiation  from  fast  passenger  engines. 
A  fact  tending  to  prove  that  the  co-efficient  of  journal  friction  may  be 
very  much  higher  in  winter  than  summer,  is  the  enormous  difference  in 
coal  consumption  per  train  mile,  and  still  more  per  car  mile,  in  winter 
and  in  summer.  A  large  body  of  statistics  on  this  subject,  which  I  hope 
shortly  to  put  in  shape  for  publication,  seem  to  indicate  with  great  clear- 
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ness  that  the  fuel  burned  per  car  mile  varies  at  the  rate  of  about  two 
per  cent,  per  1°  F.  of  outside  temperature,  the  difference  per  train  mile 
being  somewhat  less.  That  is  to  say,  months  in  which  the  average  tem- 
perature differs  say  20°  or  30*^  will  show  a  difference  of  about  40  or  60 
per  cent,  in  the  coal  burned  per  car  mile,  the  coal  per  train  mile  being 
a  percentage  less,  but  both  following  with  curious  accuracy  the  monthly 
fluctuations  in  average  temperature.  No  difference  in  average  velocity 
of  the  wind  exists  tending  to  account  for  this,  nor  does  the  difference  in 
radiation  seem  fully  adequate  for  so  very  large  a  difference.  If  it  be  in 
part  due  to  much  greater  journal  friction  at  low  temperatures,  a  proof 
of  that  fact  might  indicate  the  road  to  economies  of  great  importance. 

Theodoee  Coopee,  M.  Am.  Soc.  C.  E. — The  paper  is  one  of  great 
interest,  but,  after  carefully  reading,  it  occurred  to  me  that  the  writer 
has  not  taken  into  account  all  the  elements  of  resistance  in  considering 
the  power  needed  to  start  a  car  in  motion.  It  would  appear  necessary  to 
employ  more  power  than  is  simply  needed  to  overcome  the  journal  fric- 
tion. The  measuring  this  friction,  therefore,  by  the  total  power  required 
to  start  a  train  would  appear  to  give  a  too  great  frictional  co-efficient. 
When  at  rest,  the  axle  may  be  considered  as  receiving  the  weight  of  the 
car  upon  its  highest  point,  as  at  A  in  accompanying  sketch. 


The  outer  circle  in  the  sketch  represents  the  inner  surface  of  box, 
and  the  inner  circle  the  axle  (exaggerated).     When  the  tension  on  the 
I    draw  bar  equals  the  amount  to  overcome   the  friction,  the  position  of 
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equilibrium  before  motion  of  the  axle  and  box  will  be  on  line  B  0, 
which  stands  to  ^  0  at  the  angle  of  friction. 

When  motion  takes  place,  the  position  of  equilibrium  will  be  on  line 
G  0,  double  the  angle  of  friction  from  A  0.  The  whole  car  would  be 
lifted  an  amount  due  to  this  amount  of  motion. 

So,  in  addition  to  the  actual  friction,  the  power  to  start  a  car  must 
also  be  sufficient  to  lift  the  load  the  requisite  height. 

Some  years  ago,  while  examining  a  bridge,  a  coal  train  standing  on 
the  bridge,  with  the  engine  on  solid  ground,  started.  Every  car,  as  it 
started,  exerted  a  sudden  blow  upon  the  bridge  and  tried  the  structure 
severely.  The  only  reasonable  explanation  seemed  to  be  the  idea  above 
expressed,  that  each  car  had  to  be  lifted  a  certain  amount,  and  the  reac- 
tion produced  these  blows. 

Every  one  has  noticed  the  backward  motion  of  a  car  after  it  has  come 
to  a  stop.  It  cannot  be  explained  by  any  rebound  from  its  position  in  a 
train,  for  it  is  equally  true  of  a  single  car  making  a  flying  switch — as  it 
loses  its  motion  it  comes  to  a  stop,  and  then  will  roll  backwards  a  little. 

I  have  seen  and  had  others  observe  the  peculiar  phenomenon  of  a 
wagon  wheel  flying  backward  as  the  wagon  was  moving  forward,  it 
usually  occurring  when  the  wheel  passes  from  the  rough  ground  on  to  a 
slippery  layer  of  snow. 

The  rolling  back  of  the  car  and  the  backward  movement  of  the 
wagon  wheel  seems  to  point  to  the  same  fact,  that  the  weight  has  been 
lifted  an  amount  due  to  the  friction,  and  falls  back  when  motion  ceases 
or  the  friction  is  reduced. 

Charles  E.  Emery,  M,  Am.  Soc.  C.  E. — What  would  be  the  efifect, 
supposing  the  boxes  did  tit  the  journal? 

Mr.  Theodore  Cooper. — The  journals  never  do  fit  perfectly.  Would 
you  fit  a  journal  so? 

Mr.  Charles  E.  Emery. — That  is  begging  the  question.  Suppose 
the  journal  did  fit  ordinarily  tight,  would  the  car  lift  under  such  cir- 
cumstances? 

Mr.  Theodore  Cooper. — It  would  tend  to  lift. 

Mr.  Charles  E.  Emery. — It  could  not  lift  under  such  circumstances. 
The  journal  practically  fits  through  an  arc  of  45  to  60  degrees;  but  if 
it  fits  for  only  20  degrees  (or  for  any  angle  greater  than  that  of  friction) 
no  such  action  can  take  place,  for  the  box,  if  it  slides  around  the  axle  at 
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all,  will  simply  turn  on  the  centre  of  its  arc  of  contact,  which  is  the 
centre  of  the  axle,  and  no  lifting  will  result  from  *;hat  cause. 

The  lifting  referred  to,  we  have  all  seen,  but  it  is  to  be  referred  to  a 
different  cause.  The  tipping  of  the  trucks  in  stopping  a  train  is  due 
to  the  disturbance  of  the  centre  of  gravity  of  the  car,  which  being 
above  the  bearing  pin,  throws  a  little  more  weight  on  the  forward 
springs  of  the  trucks. 

Mr.  Theodor:^-  Cooper. — How  do  you  mean  that  the  car  lifts  ? 

Mr.  Charles  E;  Emery.— I  say  that  in  stopping,  the  car  body  is 
thrown  forward.  The  centre  of  gravity  of  the  car  as  a  whole,  including 
the  body,  is  above  the  trucks  where  the  resistance  is  applied,  so,  in 
slackening  speed  just  before  the  actual  stop,  there  is  a  pitching  forward 
of  the  body  of  the  car  that  throws  more  weight  on  the  front  springs  of 
the  trucks  than  on  the  rear  ones,  which  produces  a  rebound  when  the 
actual  stop  takes  place. 

Mr.  Theodore  Cooper. — How  would  you  explain  it  on  a  car  that  had 
no  trucks  ? 

Mr.  Charles  E.  Emery.— The  car  is  a  truck  in  itself. 

Mr.  Theodore  Cooper. — Suppose  the  car  was  without  springs  ? 

Mr.  Charles  E.  Emery. — The  frame  of  the  car  itself  is  elastic  enough 
to  cause  a  rebound,  with  or  without  springs.  The  centre  of  gravity  is 
above  the  centre  of  the  wheels,  and  is  thrown  forward  in  stopping,  and 
when  the  car  comes  to  a  state  of  rest  the  elasticity  throws  it  back. 

A.  M.  Wellington,  M.  Am.  Soc.  C.  E. — I  think  the  phenomenon  of 
the  sudden  jerk  at  the  instant  of  stopping  is  due  to  a  different  cause 
from  that  suggested  by  either  Mr.  Cooper  or  Mr.  Emery,  viz.,  the  brief 
but  remarkable  increase  in  the  holding  power  of  brakes  which  takes 
place  at  the  instant  before  coming  to  rest.  The  brake  experiments  of 
Capt.  Douglas  Galton  and  Mr.  Geo,  Westinghouse  showed  very  con- 
clusively that  the  co-efficient  of  friction  was,  for  that  instant,  several 
times  (five  to  eight  times,  if  my  recollection  serves)  greater  than  the 
normal,  following  in  that  respect  very  exactly  the  general  law  of  friction 
which  the  experiments  detailed  in  this  paper  indicate  for  journal  friction. 
No  doubt  it  is  in  each  case  due,  not  to  the  mere  fact  of  stopping  of 
starting,  but  to  the  slow  velocity.  If  the  same  velocity  continued,  the 
same  high  co-efficient  would  probably  continue  indefinitely. 

Now,  this  explains  perfectly  the  phenomena  alluded  to.  The  car- 
body  is  moving  through  space  without  friction,   the  retarding  force 
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coming  from  the  truck.  While  this  force  is  uniform  the  car-body  at 
least  moves  smoothly,  but  at  the  very  instant  of  stopping  the  sudden 
augmentation  of  break  energy  is  so  great  that  it  is  hardly  an  exaggera- 
tion to  say  that  the  effect  is  much  the  same  as  if  the  car  ran  at  that 
instant  against  a  slightly  elastic  fixed  buffer.  It  is  for  this  reason  that 
passengers  standing  in  the  aisles  of  cars  coming  to  a  stop  stand  very 
comfortably  until  the  last  instant,  when  the  stop  is  consummated,  when 
they  almost  invariably  lose  their  balance  more  or  less.  Their  bodies  are 
adjusted  to  an  angle  corresponding  to  the  resultant  of  gravity  and  the 
normal  retarding  force.  The  sudden  augmentation  of  the  latter  disturbs 
their  balance. 

Mr.  Theodoee  Coopeb. — This  does  not  explain  the  running  back- 
ward. 

Mr.  A.  M.  Wellington. — It  appears  to  me  that  it  does  perfectly.  It 
is  a  slight  elastic  rebound,  the  same  in  its  nature  as  if  from  a  fixed  buffer, 
when  it  occurs  at  all,  which  is  not  always. 

Mr.  William  H.  Paine,  Vice-Prest.  Am.  Soc.  C.  E. — It  would  seem 
to  me  that  Mr.  Wellington's  testing  machine  illustrates  an  idea  I  thought 
of  at  the  time  it  was  brought  out.  The  very  friction  tends  to  throw  a 
pressure  on  the  springs  in  front  that  might  relieve  the  springs  behind. 
When  you  stop,  you  right  this,  and  the  car  coming  to  an  equilibrium 
produces  what  might  be  called  a  backward  reaction. 

Mr.  F.  CoLLiNGWOOD,  M.  Am.  Soc.  C.  E. — It  is  undoubtedly  true,  as 
stated  by  Mr.  Emery,  that  a  decided  tendency  to  rotation  about  the  for- 
ward truck  of  a  car  is  always  developed  in  coming  to  a  stop,  which 
would  partly  explain  the  motion  noticed  by  Mr.  Cooper,  and  is  sufficient 
to  explain  the  shock  to  a  bridge  from  the  starting  of  a  long  coal  train; 
as  the  downward  component  of  the  force  in  a  short  car  would  be  much 
greater  than  in  a  long  one.  Mr.  Wellington's  statement  also  as  to  the 
rapid  increase  in  the  co- efficient  of  friction  as  the  motion  diminishes 
seems  to  be  well  established.  If,  then,  the  work  of  friction  is  increased, 
how  is  it  taken  up  ?  It  can  only  be  by  the  elasticity  of  the  rods,  which, 
at  the  last  portion  of  the  forward  movement,  undergo  an  increase  in 
tension,  and  so  soon  as  all  movement  ceases  give  a  positive  rebound. 
These  two  causes,  the  rotation  of  the  car-body  forward,  and  the  rebound 
of  the  rods  from  a  state  of  high  tension,  seem  sufficient  to  explain  the 
phenomena  mentioned. 
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Mr.  A.  M.  Wellington. — There  is  a  slight  vibration  of  the  car  pro- 
duced by  release  of  the  brakes,  for  obvious  reasons;  but  I  think  that 
phenomenon  occurs  after  the  one  in  question  and  has  no  real  connection 
with  it.  Mr.  Cooper's  suggestion  of  a  lifting  of  the  car  is  undoubtedly 
a  theoretical  possibility,  but  bearings  ordinarily  fit  so  nicely  for  the 
angle  which  they  cover,  and  the  angle  of  friction  even  in  starting  is  so 
very  small  at  best  (about  O'^  35'  for  20  pounds  per  ton  resistance),  that  I 
do  not  think  it  is  the  true  explanation  of  the  jar  he  speaks  of. 
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Eead  January  7th,  1885. 


The  real  value  of  any  lubricant  is  a  quantity  which  seldom  has  any 
direct  relation  to  its  market  price,  and  depends  not  only  upon  the 
intrinsic  qualities  of  the  unguent  itself,  but  upon  the  economical  con- 
ditions under  which  it  is  to  be  used.  It  is  dependent  to  a  greater  extent 
upon  the  magnitude  and  cost  of  power  than  upon  the  expense  of  its 
purchase  or  preparation  for  use  by  the  consumer.  The  correct  method 
of  comparing  prices,  from  the  user's  standpoint,  is  not  one  involving 
merely  a  determination  of  the  properties  of  the  material  as  a  reducer  of 
friction,  and  the  true  value  of  the  oil  is  not  simply  proportional  to  its 
endurance  and  its  power  of  reducing  lost  work  ;  it  includes  a  study  of 
the  method  by  which  it  reduces  the  total  expenses  of  lessening  friction, 
and  the  extent  to  which  total  expense  for  power  is  reduced  by  such 
reduction  of  work  wasted  by  friction.  The  usual  systems  of  comparison 
are  entirely  wrong,  and  are  only  justifiable  by  the  fact  that  hitherto  it 
has  been  impracticable  to  obtain  the  data  required  for  the  establishment 
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of  a  correct  method.  This  difficulty  no  longer  exists,  and  every  intelli- 
gent purchaser  of  lubricants  is  coming  to  see  that  he  may  often  eflfect 
enormous  economies  by  the  careful  study  of  the  variation  of  the  total 
cost  of  lubricant  and  of  waste  power. 

The  total  cost  of  the  lost  work  in  machinery  includes  two  distinct 
items — the  cost  of  lubricant,  and  the  cost  of  doing  the  work  of  overcoming 
friction  of  the  lubricated  surfaces.  Of  these,  the  latter  is  usually  enor- 
mously the  greater,  and  it  is  at  once  seen  that  a  saving  in  cost  of  lubri- 
cant is  of  slight  importance  in  comparison  with  a  saving  of  equal  pro- 
portion in  the  reduction  of  the  cost  of  the  power  demanded  to  overcome 
friction,  and  which  is  thus  wasted.  A  dollar  expended  in  the  substitu- 
tion of  good  oil  for  one  of  lower  grade  may  save  a  hundred  by  reduction 
of  the  waste  of  fuel  and  other  expenses  of  power-production.  Such  ex- 
penses include  fuel,  salaries,  interest  on  capital  invested  in  motive  power, 
taxes  and  insurance  on  the  driving  machinery,  boilers  and  building, 
and  other  and  minor  costs,  which  every  proprietor  can  readily  estimate 
with  fairly  accurate  figures,  if  not  with  perfect  satisfaction  to  himself. 
The  total  cost  of  steam-power  thus  foots  up  to  about  $100  per  horse- 
power per  annum  in  New  York  City,  and  to  a  minimum  of,  perhaps, 
$50  under  more  favorable  conditions.  Water-power  often  costs  consid- 
erably less,  although  the  cost  of  dams,  reservoirs  and  machinery  is 
large. 

If,  in  any  case,  we  call  the  total  expense  per  hour  K,  the  cost  of  the 
lubricant  on  the  journal  k,  the  quantity  used  q,  the  total  cost  of  power 
per  horse-power  per  hour  k\  and  the  amount  of  power  used  in  overcom- 
ing friction  of  lubricated  surfaces  U,  the  total  expense  chargeable  to 
**lost  work  "  will  be 

K=kq  +  k'  U  (1.) 

The  work  done  in  overcoming  friction  U,  is  proportional  to  the  mean 
pressure  on  the  lubricated  surfaces  P,  to  the  speed  of  relative  motion 
of  rubbing  surfaces  V,  to  the  time  taken  for  comparison  t,  and  to  the 
magnitude  of  the  co-efficient  of  friction  /.     Thus  we  may  write 

K=kq  +  bf  (2.) 

in  which  6  is  a  constant,  the  value  of  which,  k'  P  F^,  is  easily  ascer- 
tained in  any  given  case,  and  the  calculation  of  the  cost  of  friction  is 
then  readily  made. 
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Where  t^vvo  oils  are  to  be  compared,  to  determine  the  economy  to  be 
secured  bv  the  substitution  of  the  one  for  the  other,  the  values  of  q  and 
of  /,  and  the  cost  per  gallon,  k^  of  each  will  be  known,  and  the  two 
values  of  K  thus  obtained  •will  exhibit  the  relative  economy  of  their  use. 
If  ^is  the  same  for  the  two,  it  is  a  matter  of  indifference  which  is  used; 
if  ^is  greater  in  one  case  than  in  the  other,  that  oil  is  the  more  eco- 
nomical which  gives  the  lower  value,  even  though  it  may  cost  more  per 
gallon,  and  may  require  to  be  more  freely  used  than  the  other.  Thus, 
suppose,  for  the  two  cases  we  have 

I^\='ki  qx-\-bf^\     K2  =  'k.^q2+bf2 

If  these  two  values  of  .K"  were  equal,  Ki  =  K2,  and  the  gain  by  pur- 
chasing of  the  second  oil  is  just  compensated  by  the  loss  due  to 
increased  demand  for  power  to  overcome  the  increased  friction,  and 

k,  q,-ko  q2  =  b{A-A)  (3.) 

k.  =  ^-igi  +  M/i-A).  (4.) 

Any  price  paid  for  the  second  oil,  delivei^ed  un  the  journal,  less  than 
k^  gives  a  profit ;  any  greater  price  produces  loss.  This  last  equation  is 
thus  a  criterion  by  which  to  determine  what  jDrice,  k2,  may  be  paid  for 
any  oil  p)roposed  to  be  substituted  for  the  first  oil,  costing  ki  q^  per 
hour. 

Where  the  same  quantity  is  used  of  each,  as  may  be  the  case  fre- 
quently, ^2  =  S'l.  and 

A-2  =  -(/i-/o)  +  Ari  (5) 

The  question  sometimes  arises  whether  it  is  better  to  use  a  larger 
quantity  of  a  certain  oil  already  in  use  ;  in  this  case  k2  =  ki,  and  the 
quantity  allowable  without  loss  is 

q,=^{A-  f,)-\-q,  (^-^ 

Where  the  relative  endurance,  and  the  relative  values  of  the  co-effi- 
cient of  friction,  are  determined  by  experiments  made  under  the  con- 
ditions of  proposed  use,  if  e  and  h  represent  the  two  ratios,  since  the 
quantity  used  will  be  inversely  as  the  endurance,  and  the  power  wasted 
will  be  directly  as  the  co-efficients  of  friction, 

k2  =  ek,+hef,^—-^'*  ^'^•^ 

and  this  expression  becomes  the  criterion  of  values. 
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Instead  of  taking  the  time  as  one  hour  and  the  unit  of  power  as  the 
horse  power,  it  may  be  convenient  to  adopt  other  units.  Thus,  on  rail- 
roads the  costs  are  measured  by  the  cost  of  oil  and  of  power  per  train- 
mile,  and 

K=kq  +  df  (8.) 

in  which  q  is  the  quantity  of  oil  used  per  mile,  and  d  f  is  the  cost  of 
power  for  the  same  distance.     Also,  as  a  criterion, 

k,  q,-k,q,=.d  (A  -  /.)  ;  k,  =  '^IJ±£iZi-fll  (9.) 

In  illustration  of  the  application  of  these  principles,  take  the  follow- 
ing cases: 

(1.)  The  proprietor  of  a  large  machine  shop  informs  me  that  he  finds 
the  total  expense  of  power  to  be  nearly  $100  j^er  horse-power  per  annum, 
of  which  power  one-half  is  estimated  to  be  expended  in  doing  work 
wasted  in  friction;  that  he  uses  0.02  gallon  per  hour  of  good  lubricants, 
costing  an  average  of  10.50  per  gallon.  The  mean  co-efficient  of  friction 
is  judged  to  be  about  0.05.  The  value  of  b  (eq.  2)  is  found  to  be  0.6 
horse-power,  or  30  for  50  horse-power;  then 

Ki  =0.01  +  1.50  =  $1.51. 

Suppose  it  be  proposed  to  substitute  for  the  oil  in  use  one  which 
costs  but  So.  25  per  gallon,  and  of  which  0.03  is  required  per  hour,  and 
that  the  co-efficient  of  friction  with  the  cheaper  oil  is/2  =^  0.06;  then 

K2  =  0.0075  4-  1.80  =$1.80f, 

and  a  gain  of  one-quarter  of  a  cent  per  hour,  or  S7.50  per  year,  is 
effected  at  the  expense  of  a  loss  in  cost  of  power  of  30  cents  an  hour,  or 
$900  per  year,  and  a  net  loss  of  $892.50. 

(2.)  A  cotton  mill,  using  200  horse-power,  in  work  of  overcoming 
friction  of  lubricated  surfaces,  uses  0. 7  gallon  of  oil  per  hour,  at  $0. 70 
per  gallon;  it  is  proposed  to  substitute  an  oil  costing  $0.40,  and  of  which 
one  gallon  per  hour  will  be  required  to  do  the  work,  while  the  co  effi- 
cient of   friction  will  rise  from    an   average  of  0.10  to   0.12.     Taking 

b  at  60,  as  before  : 

K,  =  0.49  +  12.00  =  $12.49; 
K.,  =  0.40  +  14.40  =$14.80. 

A  gain  in  expense  for  oil  amounting  to  9  cents  per  hour,  or  $270  per 
year,  produces  a  loss  in  cost  of  power  of  $2.40  per  hour,  or  $7  200  per 
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year,  assuming  3  000  working  hours  per  annum.  The  net  loss  is  $6  930, 
i.  e. ,  nearly  30  times  the  profit  on  the  oil  account.  This  is  not  an  un- 
usual or  an  extraordinary  case,  as  matters  are  now  going  on  in  the  busi- 
ness. 

(3.)  A  railroad  train  requires  1  cent's  worth  of  oil  per  mile,  and 
costs  10  cents  per  mile  for  power  expended  in  friction,  using  a  good  oil, 
costing  50  cents  per  gallon,  at  the  rate  of  0. 02  gallon  per  mile,  with  a 
mean  co-efficient  of  friction  of  1  per  cent.  It  is  proposed  to  change, 
using  an  oil  costing  but  25  cents,  at  the  rate  of  0.03  gallon  per  mile,  and 
obtaining  a  co-efficient  of/    =  0.015;   then 

dfi  =  0.10;    (Z  =  10  (eq.  8); 
Ki  =0.01  +  0.10  =  $0.11; 
K^  =  0.0075  +  0-15  =  mi5. 

In  this  case,  a  gain  of  one-quarter  of  a  cent  per  train-mile  in  cost  of 
oil  brings  about  a  loss  of  4  cents — sixteen  times  as  much — in  increased 
train  resistance. 

Using  the  equations  given  as  criteria  of  values  (eq.  4,  6,  9),  we  find 
the  estimated  value  of  k^  to  be,  in  the  three  cases  given,  respectively : 
—  $19,  —  $2,  and  +  16|  cents,  nearly,  for  the  cases  as  taken.  That  is  to  say : 
the  proprietor  of  the  machine  shop  will  lose  $19,  nearly,  on  every  gallon 
of  the  proposed  oil  that  he  may  use  ;  the  owners  of  the  cotton-mill  will 
lose  about  $2  on  every  gallon  of  the  inferior  oil  that  they  may  pur- 
chase ;  while  the  railroad  will  lose  money,  unless  it  can  get  the  second 
oil  for  16f  cents. 

But  suppose,  in  further  illustration,  that  it  is  found  possible,  by  in- 
creasing the  supply  of  oil  in  the  case  of  the  machine  shop,  to  reduce  the 
mean  co-efficient  of  friction  to  0.02,  by  using  four  times  as  much  of  the 
cheaper  oil  as  was,  at  first,  thought  advisable.  Applying  our  criterion 
to  this  case,  we  get  (eq.   4) : 

k;  =0.03 +  0.60  =  $0.63; 

and  a  gain  is  effected  of  nearly  two-thirds  the  original  cost  of  lubrica- 
tion. An  expenditure  of  $60  gives  a  profit  of  about  fifty  times  that 
amount. 

It  must  not  be  assumed  that  these  figures  are  more  than  rough  ap- 
proximations to  fact;  for  it  is  difficult  to  obtain  exact  values  of  the  quan- 
tities involved,  and  especially  of  the  true  mean  value  of//  but  they  are 
sufficiently  correct  to  answer  as  illustrations  of  the  principles  involved, 
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and  are  near  enough  to  the  truth  to  give  a  fair  idea  of  the  magnitude  of 
the  losses  which  are  each  day  met  in  consequence  of  the  practice  of  the 
system  of  false  economy  now  generally  practiced  in  the  purchase  of  lu- 
bricants. 

The  values  assumed  for  the  co-efficients  of  friction  are  probably  fairly 
representative  of  those  found  in  common  practice.  The  experiments 
made  by  the  writer  show  that,  under  ordinary  conditions  of  every-day 
practice,  the  value  for  mechanism  working  under  as  light  pressures  as 
are  met  with  in  spinning  frames,  for  example,  different  oils  will  give 
values  varying  from  0.10  to  0.25;  under  the  usual  pressures  of  heavy 
mill- shafting,  the  figures  range  from  0.5  to  0.10;  with  pressures  of  greater 
intensity,  such  as  are  met  in  the  steam  engine  and  under  railroad  axle 
bearings,  it  often  varies,  using  different  lubricants,  from  about  0.01  up  to 
0.025,  the  first  value  being  given  by  the  best  oils  and  the  second  by  heavy 
greases.  Under  the  exceptionally  high  pressures  and  at  the  speed  of 
rubbing  reached  on  the  crank-pins  of  some  steam-engines  (500  to  1  000 
pounds  per  square  inch,  35  to  70  kgs.  per  sq.  cm.), /may  fall  to  one-half 
the  last  given  values .  In  endurance,  the  same  variations  are  met  with. 
The  endurance  decreases  as  pressures  increase,  and  is  twice  as  great  with 
the  best  oils  as  with  others  of  good  reputation.  The  market  prices  of 
oils  have  no  relation  to  these  relations  of  quality.  The  best  oils  for  any 
given  purpose  may  be  either  more  costly  or  cheaper  than  others  less  well 
fitted  for  the  work.  In  some  cases  prices  are  made  in  the  most  arbitrary 
manner.*  Sperm,  lard,  olive,  and  some  few  standard  grades  of  mineral 
oils  probably  have  fair  and  well- settled  values  ;  as  a  rule,  however,  the 
price  of  a  mineral  or  of  a  mixed  oil  is  no  guide  to  selection. 

Should  time  permit  and  statistics  prove  to  be  attainable,  the  writer 
will  endeavor  to  develop  this  subject  more  completely. 

*  The  writer  has  been  informed  of  one  case  in  which  the  dealer  purchased  an  oil  for  12)^ 
cents  per  gallon,  gave  it  a  trade  name  and  sold  it,  unchanged,  at  $1.25.  It  was  worth  that 
amount,  however,  if  compared  with  other  oils  in  the  market  that  may  have  coat  the 
"  maker  "  much  more. 
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